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Y tston of 1908 ... The Automobile and “Natural” are a Yerity in 1941 





ITH the automobile came the American-Way of Life, 
that has made the United States the greatest industrial 
nation on the face of the globe, with over 6,000,000 men and 
women earning their living in the Petroleum and Auto- 
mobile Industry. Today all these resources of a great peace 
time civilization are available for a new era of defense that 
is the hope of the world's democracies. From a few barrels 
capacity of the first Hanlon plant built in 1908 that was the 
beginning of a new Industry— Natural Gasoline, Hanlon- 
Buchanan now supplies domestic, coastwise and foreign 
markets daily with thousands of barrels of uniform Stabilized 
Natural Gasoline—STA-VOL-ENE the “Natural” known 
throughout the World. 
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REFINING INDUSTRY FACES GREAT WAR AID TASK 


Today the American refining industry faces a situation 
unique in its experience. It is being asked to put itself 
on a war footing because of a war in which the United 
States is not a participant but in which it is virtually 
the only source from which the opponents of totalitar- 
ianism can obtain the materials requisite for victory. 
In the first world war the oil industry contributed im- 
portantly, perhaps decisively, to the success of the 
Allies. But that was when the mechanization of human 
conflict was in its infancy. Armies still traveled on 
their feet; artillery was moved by animal power; the 
tank was a novel but unproved weapon and the few air- 
planes in service played a spectacular but unimportant 
part in the struggle. Oil gave a new efficiency to naval 
vessels; it rendered a useful service in the movement of 
motor cars and trucks, but it had not reached the posi- 
tion of being the indispensable requirement of every 
large scale military manoeuvre. 


It is not necessary to go into great detail to show how 
profoundly conditions have changed. Guns, troops and 
supplies are moved by liquid fuel on land as well as on 
the sea. Tanks have become traveling fortresses, the 
most formidable weapons of mass attack yet developed. 
Above all else the transfer of combat to the air, with 
huge fleets of fighters, bombers and other types of 
planes carrying death and destruction hundreds of 
miles behind the fronts to which fighting formerly was 
confined, has made oil a supreme factor in modern con- 
flict. Experience of the past two years has shown that 
it is no longer the heaviest battalions but the swiftest 
and most powerful airplanes that assure safety in de- 
fense and supremacy in attack. It is hardly an over- 
statement to say that if all petroleum supplies were 
suddenly to be withdrawn the war would come to an 
end because the armies would be rendered immobile. 


Twelve months ago the refining industry was moving 
forward to fulfil its part in a purely defensive program 
designed to make the nation secure against attack by 
augmenting its army, doubling its naval strength and 
vastly increasing its air force. It had been asked to in- 
crease its output of aviation gasoline by 100 percent 
and was well on its way to accomplishing this result. To 
meet the demands of the preparedness campaign in 
other respects the industry had only to expand its nor- 
mal operations to an extent which at most was estimated 
at not more than ten percent. 


Since then great changes have taken place both in the 
scope and reach of the war itself and in the national 
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policy regarding it. Under its greatly expanded arma- 
ment program in addition to the lease-lend law and 
the decision to extend all possible assistance to those 
nations fighting to defend what are conceived to be the 
interests of the United States the demands upon the oil 
industry have been vastly increased. A measure of the 
change is to be seen in the fact that Britain and the 
Soviet Union alone are calling for as much aviation fuel 
as the entire quantity calculated as sufficient for all re- 
quirements in the earlier stages of defense planning. 


Revised plans dictated by recent developments and an- 
ticipated necessities now look to a trebling of current 
production of 100 octane number gasoline, the touch- 
stone of successful aerial warfare, a big boost in the 
output of toluene, butadiene and its resultant product, 
synthetic rubber, more solvent lubricating oil units and 
a general expansion of refining capacity. It is a stiff 
order calling for high engineering skill and the invest- 
ment of hundreds of millions but the oil companies and 
the suppliers of refining equipment are prepared to fill 
it, provided only that the materials needed for plant 
construction and operation are obtainable. In a race 
against time this is the paramount consideration. 


Fortunately the oil industry has been in training for a 
long time to meet exactly such an emergency as has now 
arisen. In the all-important matter of iso-octane pro- 
duction the millions of dollars expended yearly in re- 
search has resulted in the develcpment of processes 
which make possible an expansion of output limited 
only by the supply of materials permitted by the de: 
mands of other refining operations. Utilization of gases 
formerly wasted, development of catalytic methods per- 
mitting the recovery of high grade products from low 
grade materials, discoveries of new blending agents, all 
are ready to contribute to the production of the high- 
est quality of aviation fuel on a scale impossible of at- 
tainment and indeed undreamed of a few years ago. 
Not content with the revolutionary results already ar- 
rived at the research workers are developing in their 
laboratories variously named products with octane 
numbers well above 100 and will have these ready when 
engines are designed capable of using them. 


This is only one phase of the progress which the oil in- 
dustry is making in many directions in the improve- 
ment of established products and the development of 
new ones, but in the present juncture of world affairs 
it becomes a factor of enormous significance. 
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WAR NEEDS FACE 


REFINING INDUSTRY 


U. S. Armament Program and Oper- 


ation of Lease-Lend Act Call for 
Plant Extension and Greater Out- 


put of High Octane Gasoline. 


WV HEN the first definite move toward the 
strengthening of American defensive power was 
made, early in 1940, a hasty survey was made of 
the industrial resources of the nation and esti- 
mates were prepared of the probable demands 
of the defense program upon different lines of 
industry. In the case of oil it is interesting to 
note the extent of the anticipated requirements 
imposed by the defense program as projected at 
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that time. In view of the emphasis placed on the 
expansion of the land, sea and air forces of the 
nation, all dependent on petroleum for their pro- 
pulsion, it was estimated that a ten percent in- 
crease in crude oil production from the 3,500,000 
bbl. daily which was the average output at that 
This estimate took into 
account not only the direct requirements of the 


time would be needed. 


defense establishment but also the expected in- 
crease in commercial demand foreseen as a re- 
sult of increasing industrial activity. In this con- 
nection it may be noted that the actual rise in 
production has been somewhat greater than the 
ten per cent estimated since production is now 
running slightly above 4,000,000 bbl. daily. One 
of the important needs contemplated by the origi- 
nal defense program was a much greater quan- 
tity of aviation fuel and it was proposed that the 
daily production of 20,000 bbl., 


considerably in excess of current consumption, 


which then was 


should be raised to 40,000 bbl., 





The world’s most 





a figure which 
now has been exceeded. Doubling the size of 
the navy obviously called for double the quantity 
of fuel oil which then was being consumed 

the rate of about 9,000,000 bbl. per year. This, 
however, was such a small fraction of the yearly 
production of 350,000,000 bbl. of heavy fuel oil 
that enlarged naval needs obviously could be met 
without serious effect on the general supply situ- 
ation. The main increase in the demand for 
residual fuel oil, it was rightly anticipated, was 
to come from the expansion of industrial activity. 
Actual consumption of this class of fuel has ex- 
ceeded production only to the extent of reducing 


stocks by eleven percent. 


In performance since the inception of the defense 
program the oil industry has met greatly in- 
creased demands for its products and has done all 
that was expected of it. It has accomplished this 
through the operation of its established organiza- 
tion and has made good its claim of preparedness 
to meet whatever demands might be put upon ‘it 
by the needs of the defense program as outlined. 
What the industry 
half ago, for the reason that it could not be fore- 


was not told a year and 


seen by those who shaped the original prepared- 
ness plans, was that it would face heavy addi- 
tional drafts upon its supplies with greatly re- 
duced transportation equipment. As originally 
conceived the projected armament expansion was 
a purely defensive program, designed to assure 
American security and to provide protection for 
Since that 
influenced by the course of 


has undergone several changes. Ac- 


the country’s coasts and shipping. 
time national policy, 
the war, 
quisition of numerous naval bases in the Atlantic 
and decision to build a two-ocean Navy enlarged 
prospective demand for petroleum in one direc- 
tion while expansion of the plane building pro- 
gram extended it in another. 
lend-lease law marked another 


Enactment of the 
definite shift in 
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policy. Transfer to the western hemisphere of 
the task of supplying all of Britain’s war require- 
ments greatly increased export demand for avia- 
tion fuel and lubricants. From a purely defensive 
role the United States assumed the task of serv- 
ing as the arsenal of democracy. 


As a direct consequence of heavy shipping losses 
and rising war demands a large section of the 
United States tanker fleet was withdrawn from 
its regular Gulf-Atlantic service to aid in the 
movement of oil to Britain. Coming at a time 
when domestic demand was exceptionally heavy 
the question of transportation, which until then 
had not been troublesome, suddenly became criti- 
cally important. To meet the changed situation 
it was necessary for the oil companies to revise 
schedules previously set up and to direct their 
energies to finding substitute means of moving 
products to the places where they were needed. 
When Germany carried the war into the Soviet 
Union another major change in the situation took 
place. This was due to the decision to extend aid 
to Russia, one of the most urgent forms of as- 
sistance needed being gasoline for Soviet planes. 
This imposed a further load upon the rapidly 
mounting requirements for this particular prod- 
ict. During the period while these changes in 
the war situation were occurring the plans of the 
United States as to its own armament and its 
clations to the active participants in the struggle 
ere undergoing repeated revision with as fre- 
juent increases in its demands upon the oil in- 
lustry, as upon all others directly concerned in 
the war effort. Earlier estimates as to the quanti- 
ties of steel, aluminum, copper, rubber and other 
essential materials required by military, naval 
and aerial needs were so far exceeded by the de- 
velopment of these plans that a shortage of mate- 
rials and manufacturing capacity was threatened, 
and the oil industry, like a hundred others, was 
taced by difficulties in obtaining metals and ma- 
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eloped refining industry stretching from the Gulf to Canada and from 
bstantial expansion to meet the tremendous demands of modern warfare 


chinery to carry on the enlarged scale of opera- 
tion foreseen as likely soon to be required of it. 


In considering the place that petroleum holds in 
the nation’s war effort it must be borne in mind 
that the tasks which it is being asked to assume 
today and the problems it is called upon to solve 
are not the same that were put before it in May 
and June 1940. The industry has been steadily 
under the necessity of raising its sights, enlarg- 
ing the scope of its plans for expansion and ad- 
justing itself to changes in conditions that have 
taken place almost overnight. Like the battle 
front itself the industrial front has had to con- 
form to rapid shifts in tactics and objectives. 
Not only have great changes taken place in the 
demand for particular products but even the defi- 
nition of some of these products has been al- 
tered. Until this year gasoline of 87 octane and 
higher was classed as aviation fuel and official 
statistics have continued to be compiled on this 
basis. Commercial air liners used 87 octane; 
for training purposes the Army and Navy speci- 
fied 91 octane; only the largest and most power- 
ful military planes were adapted to the use of 
100 octane. Today Army and Navy men think 
only in terms of 100 octane when aviation fuel 
is discussed. Anything lower is of no practical 
use under preseit service conditions, just as the 
speediest ships of a year ago are outmoded in the 
rising tempo of aerial warfare. Gasoline stocks 
of less than 100 octane rating and the published 
statistics of such supplies provide no reliable in- 
dication of the available quantity of the grade 
that is being called for by the belligerent na- 
tions. Hence the urgent appeals to multiply the 
output of top grade aviation fuel. 


Controversy over the probability of a gasoline 
and fuel oil shortage in the eastern states during 
the coming winter has received much publicity 
in the daily press. While some oil company of- 


ficials admit that a combination of severe cold 


weather and further tanker transfers might re- 


duce working stocks in eastern territory to 
dangerously low levels it is not anticipated that 
motorists or users of heating oil will be put to 
Reasonable curbs 
upon avoidable consumption are relied upon to 


any serious inconvenience. 


meet the situation. Since the products involved 
are not those most in demand to meet the war 
emergency there is no immediate prospect of a 
collision between the two programs. A tight sit- 
uation may develop, however, in the provision of 
aviation fuel and lubricants to meet rapidly 
mounting war aid needs. If this does occur it 
will arise, not from a lack of the oil industry’s 
supply of raw materials and processes but from 
the time required for the construction of plant 
and equipment. This is the factor that makes 
the question of priorities the all-important prob- 
lem for oil men at the present time. 





Because of its efficient organization and great re- 
serve capacity the oil industry has been able thus 
far to meet the unforeseen demands that have 
been put upon it. One reason for its success in 
this direction is to be found in the fact that in 
certain respects the thinking and planning of the 
industry has been in advance of that displayed 
by those having official connection with the de- 
fense program. Several oil companies have made 
heavy investments in alkylation and iso-octane 
units without formal assurance of a market for 
their products but in the belief that demand 
would develop by the time the plants could be 
put into operation. The same applies to toluene 
and butadiene installations. This display of fore- 
sightedness will be of greatest assistance to the 
government in its efforts to meet the heavier ob- 
ligations that it now has undertaken. Intensi- 
fication of the world conflict will put a heavier 
strain upon the oil industry in 1942 than it has 
undergone thus far and there is nothing in sight 
to indicate that the load will not continue to 
grow in 1943 and perhaps in years beyond that. 
The industry has the resources, the methods and 
the technical knowledge to meet these demands 
but it must have freedom of action and access 
to materials needed for enlarged production. Re- 
fining operations are now close to capacity ex- 
cept for obsolete plants that would be of little 
value in providing the high quality special prod- 


ucts that are most urgently needed. 


Primary requisites for keeping the output of 
petroleum products abreast of future demands 
are the concentration of effort upon the expan- 
sion of facilities for the production of fuel, lu- 
bricants and explosives for the war machine and 
a priority system that will assure the materials 
for plant maintenance and new construction. Un- 
der the most favorable conditions time is required 
for the fabrication and erection of the equipment 
for large scale refining operations but with ade- 
quate allowance for this factor the industry can 
paraphrase the celebrated utterance of Prime 
Minister Churchill and say: “Give us a chance 
to get the tools and we will do the job.” 
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mated 5,000,000,000 bbl. in 1925 to approxi- 
mat:ly 19,000,000,000 bbl. in 1940. 


Projuction research calls upon engineers, geol- 
ogists, geophysicists and chemists in its program 
of conservation and exploration. Technical staffs 
oducing companies have made great strides 
cating new fields and oil deposits, and in 
spite of the necessity for ever deeper drilling and 
decreased surface indications of oil, have main- 
tained the percentage of oil producing, gas pro- 
ducing and dry wells at approximately 70-62 
percent, 8-10 percent and 21-24 percent, respec- 
tively, over the past two decades. Application of 
research to production has contributed to more 
eficient recovery from producing wells by means 
of gas repressuring, controlled flow, acidification, 
water flooding and better well spacing. Improved 
drilling technique and better drilling tools have 
likewise contributed to more efficient oil recov- 
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ery and lower drilling costs. Certain deep de- 
posits which could not have been reached by 
drilling technique of the early 20’s can now be 
tapped by modern drilling machinery, and wells 
of 10,000 to 12,000 ft. are not uncommon. 
These deep wells can now be drilled at an aver- 
age cost of $3.00 to $4.00 per foot for 4,000 to 
6,000 ft. wells against an average cost of $8.00 
per foot by older drilling methods for 3,000 to 
4,000 ft. wells. Thus, it can be seen that pe- 
troleum research has not only permitted the in- 
dustry to withdraw much greater quantities of 
crude but at the same time has built up reserves, 
so that the industry is not faced with any imme- 
diate depletion of its basic raw material. 


Some thirty years ago, about the time production 







of motor cars commenced its steady climb, the 
U. S. refining industry was able to obtain about 
10 to 15 percent of motor gasoline from crude. 
With increased acceptance of the automobile as 
a means of transportation, yield of gasoline from 
crude became the major problem of the petroleum 
industry. Since increased production of gasoline 
meant heavier demands on crude reserves and 
increased inventories of heavier distillates for 
which no ready market existed, research was, 
therefore, directed towards increasing recovery 
of motor gasolines from crude. Initial progress 
was slow and as late as 1921 straight-run frac- 
tions from crude and natural gasolines accounted 
for about 76 percent of the 140,000,000 bbls. of 
gasoline produced. Throughout the 1920’s and 
1930’s the industry made ever wider application 
of various cracking methods developed by its re- 
search laboratories, with the result that the 
amount of cracked gasolines increased rapidly 
and in 1936 the percent of cracked gasoline in 
average motor fuel equalled the virgin fractions. 
Modern cracking units are now capable of pro- 
ducing 65-75 percent of gasoline from crude, 
but due to heavier demands for heating oils, kero- 
senes and other higher boiling distillates, U. S. 
refining industry is now averaging in the neigh- 
borhood of 45-46 percent of gasoline on crude. 


Present day cracking research, dealing as it does 
with reactions involving temperatures of 800 to 
1200 deg. F. and pressures as high as 1,000 Ibs. 
per sq. in. or more, utilizes the services of chem- 
ists, engineers, and to an ever increasing extent. 
calls upon the metallurgists for better metals of 
construction. As improved alloys are made avail- 
able, petroleum technologists have generally been 


Test cars used in fuel and lubricant research. 





eager to increase the severity of cracking condi- 
tions up to safe working limits of new materials. 


Modern thermal cracking technique not only in- 
creases recovery of gasoline from crude but per- 
mits the refiner to control quality of motor fuels. 
By choice of cracking conditions the refiner can 
vary volatility of his gasoline by controlling the 
ratio of low to high boiling components, and 
can also exercise some control over chemical 
characteristics of the fuel by increasing the 
branchiness of paraffins and the amount of olefins 
or aromatics, which in turn increase anti-knock 
value of fuel with its resultant influence on mod- 
ern motor design. Thermal reforming, although 
utilizing basic principles of thermal cracking and 
used in conjunction therewith, is mainly con- 
cerned with improving fuel quality rather than 
obtaining greater gasoline yields from crude. 
The reforming operation on relatively low- 
octane heavy naphthas results in lowering boiling 
range of feed stocks and, by a series of reactions 
involving splitting, dehydrogenation, isomeriza- 
tion and aromatization, raises anti-knock value of 
the feed as much as 25-30 octane numbers. The 
combined effect of thermal cracking and reform- 
ing has been directly reflected in octane rating 
of motor fuels available over the past decade. In 
1939 the average A.S.T.M. octane rating of 
U. S. gasolines was slightly over 60, while in 
1939 it had risen to 72. During this same period 
compression ratios of American automotive en- 
gines have risen from 4.7 to 6.3. Here we have 
an example of benefits to be derived from co- 
operative research and development in closely 
allied industries as the octane ratings must pro- 


gress in relation to compression ratings. 
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Until the last few years, commercial hydrogena- 
tion was limited to the use of essentially pure 
hydrogen at fairly low pressures, catalysts of the 
reduced nickel type, and operating temperatures 
well below thermal decomposition temperature of 
the feed stocks. Coal tar and petroleum frac- 
tions, which contain appreciable quantities of 
sulphur, poisoned the nickel catalysts so that the 
process was mainly limited to hydrogenation of 
high purity organic compounds, sulphur-free hy- 
drocarbons, and animal and vegetable oils. The 
classic research of Bergius on sulphur resistant 
catalysts, later developed by I. G. Farbenindus- 
trie and applied to petroleum hydrocarbons by 
the Standard Oil Development Company, has 
given the oil industry one of its most flexible 
processes for production of motor fuels from 
cracked and virgin gas oils; high octane avia- 
tion gasolines from kerosene and gas oil frac- 
tions; aviation blending agents by saturations of 
branched chain polymers; high grade Diesel fuels 
from low boiling gas oils; high flash, high octane 
safety fuels, and low sulphur and highly stable 
gasolines from high sulphur, unstable distillates. 


In the preparation of high octane motor and 
aviation gasolines, the extent of hydrogenation is 
controlled by choice of operating conditions and 
catalysts to give minimum hydrogenation con- 
sistent with stability of aviation gasoline. By 
recycle operations gasoline yield of 85 to 95 per- 
cent are obtained, the remainder of the feed go- 
ing to light liquid products or gas. With most 
feed stocks considerable quantities of isobutane 
and isopentane are produced along with aviation 
gasoline. The excess isopentane produced can be 
utilized for blending with high octane number 
materials, such as alkylate or hydro codimer, to 
improve their volatility. The isobutane produced 
can be used as one of the raw materials for alky- 
lation to make high octane number blending 
agents. Motor and aviation gasolines produced 
in this operation are predominantly naphthenic 
and isoparaffinic ; have extremely low sulphur and 
olefin contents, high chemical stability, high un- 
leaded octane values and excellent lead suscep- 
tibility for high octane finished products. 


The hydrogenation process not only offers the 
refining industry a means of obtaining high yields 
of superior motor fuels from gas oils and other 
feed stocks which cannot be economically con- 
verted into acceptable products by thermal means, 
but produces high quality aviation fuels from 
light gas oils and low quality kerosenes. Hydro- 
genated aviation fuels have the same or better 
chemical stability than straight-run aviation 
gasolines, clear A.S.T.M. ratings ranging from 
75 to 77 and high lead susceptibility. They are 
excellent base stocks for use in production of 100 
octane gasolines since their high clear octane 
ratings and excellent lead response result in ap- 
preciable savings in blending agent requirements 
for any given octane and lead concentration. 


The hydrogenation process is also utilized in sat- 
uration of high octane polymers for use as avia- 
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tion blending agents. Diisobutylene, the product 
obtained by polymerization of isobutylenes; or 
codimer,. the cross-polymer of iso and normal 
butylenes, have octane ratings in the region of 
82-85 A.S.T.M. but on account of their un- 
saturation and low lead response cannot be used 
in aviation fuels. Octane ratings of these same 
products after hydrogenation are raised to the 
95-99 A.S.T.M. level and lead response is greatly 
improved. These hydrogenated products, until 
recently, were the only source of blending agents 
for leaded aviation fuels of 100 octane number 
or higher now so much in demand for civil and 
military aviation. 


Until the last few years all heavier distillates and 
residues were transformed into lower molecular 
weight hydrocarbons by thermal cracking or hy- 
drogenation. In an attempt to obtain less de- 
gradation to tars and to reduce the amount of 
fixed gases and highly volatile light liquid prod- 
ucts resulting from thermal operations, a num- 
ber of research groups initiated work on the ap- 
plication of catalysts to the cracking reaction. 
These research efforts have borne fruit as shown 
by numerous installations of the fixed bed ca- 
talytic process and several plants now under con- 
struction which will utilize fluid catalytic crack- 
ing technique. Each of these processes, due to 
milder operating conditions employed and bene- 
ficial effect of catalysts, gives higher yields of 
high octane gasoline than have heretofore been 
possible by straight thermal operations. The 
effective octane blending value of catalytic gas- 
olines makes available to the refining industry an 
economic method of improving anti-knock value 
of the gasoline pool. 


In the fixed bed type of catalytic cracking the 
operating cycle is intermittent. Vaporized feed 
is passed over the catalyst and the cracking cycle 
is continued until the catalyst begins to lose 
activity due to deposition thereon of carbonaceous 
materials. The reactor is then purged of hydro- 
carbons and the catalyst regenerated in place by 
passing air or a controlled mixture of air and 
inert gas through the catalyst bed. After the re- 
generation step, the unit is again ready for the 
cracking cycle. Commercial fixed bed installa- 
tions employ several of these reactors with com- 
mon feed vaporizing and product fractionating 
systems. By means of an automatic valve timing 
system, feed can be switched from one reactor 
to another, thereby obtaining continuous opera- 
tion of the unit. In fluid catalyst operation the 
catalyst flows through the reactor and regenera- 
tion systems admixed with feed and regeneration 
gases, respectively. In the cracking cycle the 
catalyst meets the feed, passes through the re- 
action chamber where cracking occurs, and the 
cracked product and catalyst flow from the re- 
action through a catalyst recovery system to frac- 
tionating equipment. The catalyst disengaged in 
the recovery system flows to the regenerator 
where carbonaceous deposits are burned off. The 
regenerated catalyst is then returned to the crack- 
ing section to repeat the cycle. 





While catalytic cracking plants will normally 
find their greatest utility in the production of 
high quality motor fuels, either process may be 
employed in production of aviation gasolines. 
These aviation fuels, even though they contain 
small amounts of olefinic compounds, can_ be 
made gum stable and have been used with suc- 
cess. The high anti-knock value of catalytic 
cracked aviation gasolines, coupled with high lead 
susceptibility, makes them distinctly valuable 1s 
base stocks for 100 octane aviation gasolines. 
Catalytic cracking processes are a contribution ‘0 
national defense in extending supplies of high 
octane base stocks and in permitting production 
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it the maximum amount of 100 octane aviation 
zasolines from existing supplies of blending 
gents. Catalytic reforming processes have re- 
ently been developed for improving the quality 

heavy naphthas. These processes yield high 
ictane, low sulphur reformates with less change 
n volatility of feed than would be obtained with 
orresponding thermal reforming. Yields of re- 
formate are usually higher than those obtained 
by the best thermal methods since there is little 
tendency toward degradation of the feed to bu- 
tanes and lower constituents. By proper choice of 
operating conditions and catalysts, the catalytic 


retorming reaction mechanism can be predomi- 
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nantly dehydrogenation or aromatization. Under 
the former conditions six carbon atom naph- 
thenes can be dehydrogenated to corresponding 
aromatics, while in the latter, straight chain 
paraffins can be cyclized. The catalytic reform- 
ing process is of vital importance to national de- 
fense since it can make available adequate sup- 
plies of aromatics for all military purposes. 

Synthesis of isooctane by Dr. Edgar and his 
associates at the Ethyl Gasoline Corporation laid 
the groundwork for present methods of rating 
motor and aviation gasolines. For several years 
isooctane was a laboratory chemical and found 


Phenol ex- 
traction 
pilot unit of 
the Esso 
Labora- 
tories, 
Standard 
Oil Devel- 
opment 
Company, 


its main use as a primary reference standard for 
anti-knock determinations. Some seven or eight 
years ago research workers in the petroleum in- 
dustry found a simple and economical method 
of polymerizing selectively isobutylenes to the 
dimer which on hydrogenation yields the satu- 
rated branched chain paraffin 2,2,4-trimethyl pen- 
tane (isooctane). Research workers immediately 
set to work to try to cross-polymerize isobuty- 
lene with normal butylenes since they recognized 
that vields of high octane blending agent could 
be doubled by the copolymer route. Two selec- 
the U.O.P. phos- 
phoric acid and the Shell-Jersey hot sulphuric 


tive polymerization processes 
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acid process—were quickly made available to the 


refining industry and, until the advent of alky- 
lation, furnished all the high octane blending 
agents used in production of 100 octane fuels. 


Hydrogenated codimers of iso and normal buty- 
lenes have clear octane values ranging from 95 
to 97 which is only slightly lower than the 99 
to 100 octane product obtained by hydrogenation 
of diisobutylene. The debutanized hydrogenated 
codimer is completely saturated, boils between 


190 and 250 deg. F. and has a mid-boiling point 














Right, hydraulic tensile 
testing machine used in 
testing materials of con- 
struction; research lab- 
oratories maintained 
primarily for petro- 
leum research, also ful- 
fill other important 
functions for the indus- 
try. Below, propane de- 
asphalting pilot unit of 
the Standard Oil Devel- 


opment Company. 





= 


Kao lile 


¥ 
* 


oan Oe ® 





* = 
~~ £ 








E 


™ 


i 







STLLLLLT 


x =< 
— 
‘ween 
- | 
Oe ge 
+ wed ome = a 
—— 
a « os 
ial 
i 


of 228 to 230 deg. F. This high mid-boiling 
point, coupled with a Reid vapor pressure of 
about two pounds, allows the addition of iso- 
pentane as a vapor pressure and volatility cor- 
rective agent before blending with the average 
base stocks for 100 octane fuels. In general prac- 
tice, the hydrogenated codimer is elevated to 
seven pounds Reid vapor pressure with isopen- 
tane and this blending agent of approximately 95 
to 96 octane is blended with a seven pound Reid 
vapor pressure base naphtha for the 100 octane 
base. Concentration of blending agent varies 
with octane rating and lead susceptibility of the 
base naphtha and, as pointed out previously, ap- 
preciable savings in blending agents are realized 
by substituting hydrogenated or catalytic cracked 
aviation naphthas for the average straight-run 
aviation base stock. 


Effect of these processes and the alkylation proc- 


ess, which will be discussed in a later paragraph, 
on military and civil aviation is readily apparent 
by comparing performance of high output avia- 
tion engines on fuels of 87 and 100 octane 
ratings. By going from 87 octane to 100 octane, 
it is possible to effect a 15 to 30 percent increase 
in take-off power or rate of climb and a reduc- 
tion of 15 to 20 percent in fuel consumption un- 
der cruising conditions. Improved take-off pow- 
er is vitally important in the case of heavy trans- 
port planes and bombers, while increased rate of 


climb is a requisite for fighting plane perfor- 
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mance. Decreased fuel consumption at cruising 
speeds has contributed in no small way to de- 
velopment of long distance, overseas flights, and 
in the case of long range bombers now in pro- 
duction, may mean the difference between suc- 
cessful completion of the bombing mission or 
forced landing in enemy territory. 


Several non-selective polymerization processes for 
utilizing propylenes and butylenes are now avail- 
able to the refining industry. These processes, 
n contradistinction to selective processes, are 
mainly used in production of polymers for up- 
grading motor gasolines, since on hydrogenation 
octane ratings of non-selective polymers are 
sually degraded from 85 to 86 A.S.T.M. to 75 
octane or slightly higher. In motor gasolines non- 
selective polymers have octane blending values 
‘om 95-110, depending upon the octane of the 
base gasoline, the ratio of propylenes and buty- 
‘nes in the feed to the polymerization unit, and 
mecentration of polymer in the blend. These 
on-selective polymerization units are not limited 
1 utility to large refineries and plants of from 
30 bbl. to 100 bbl. are in common use. In some 
of the larger refineries, however, 2400 bbl. a day 
plants are in operation. Non-selective poly- 
merization is an effective means of converting 
unsaturated low-boiling olefins, which cannot be 
incorporated in motor gasolines, into high octane 
blending agents which can be blended into the 
refinery gasoline pool to raise the over-all octane. 
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Thermal polymerization is another process which 
has been made available to the refining industry 
whereby propylenes and butylenes, as well as 
field propanes and butanes, can be converted into 
blending agents for motor gasoline. This proc- 
ess employs pressures ranging from 1,000 to 
3,000 Ibs. and temperatures in the region of 950 
to 1100 deg. F. The thermal polymerization 
process, which in reality constitutes a combina- 
tion of cracking and heat polymerization, is of 
greatest economic value in large refining units 
having excess propane and butane or those hav- 
ing access to low cost field butanes and pro- 
panes. The product obtained by thermal poly- 
merization is of high octane number and like 
the non-selective catalytic polymers, cannot be 
hydrogenated for use as aviation blending agents. 


Petroleum technologists were quick to recognize 
that selective polymerization did not yield a 
maximum amount of blending agent from re- 
finery olefins. The average refinery butane cut 
contains about two parts of normal butylenes to 
one part isobutylene and, since selective poly- 
merization is a direct linkage of isobutylene with 
an equivalent amount of normal butylenes, large 
quantities of excess normal butylenes were left 
over which had to be discarded to fuel or non- 
selectively polymerized with propylene to produce 
blending agents for motor gasolines. It was fur- 
ther realized that, if some means could be found 
of condensing isobutane with iso and normal 
butylenes, the yield of blending agents from 
available olefins could be extended many fold. 
Previous work had indicated that this direct 
coupling would be feasible with metallic halide 
catalysts, but catalyst consumption was too high 
to permit economic commercial application. Re- 
search staffs of the Anglo-Iranian Oil Company, 
Ltd., The Humble Oil and Refining Company, 
Shell Development Company, The Texas Com- 
pany and the Standard Oil Development Com- 
pany worked out alkylation processes involving 
sulphuric acid as the catalytic agent. 


The alkylation process may be pictured as fol- 
lows: Admixture of olefins with strong sulphuric 
acid yields an alkyl sulphate as a primary re- 
action product. This ester in the presence of the 
large excess of isoparaffin couples with relatively 
inert saturate to form a branched chain higher 
molecular weight paraffin. In the case of buty- 
lenes and isobutane, the principal reaction prod- 
ucts are highly branched octanes. By this rela- 
tively simple catalytic process the yield of 
branched octanes is about seven times that ob- 
tained from cold acid polymerization and from 
two to three times that from hot acid or U.O.P. 
selective polymerization processes. In certain 
cases where isobutane is limiting, the selective 
polymerization process is used to polymerize the 
iso with an equal quantity of normal butylene 
and excess normal butylenes are alkylated with 
isobutane. Thus, the two processes are eco- 
nomically complementary and under certain con- 
ditions may be employed to obtain maximum 
yield of aviation blending agent from available 
olefins. Propylene and pentenes may also serve 








as olefins for the alkylation reaction, but octane 
ratings of the alkylates obtained are usually three 
to five points lower than butylene alkylates. As 
in the case of hydrogenated butylene polymers, 
mid-boiling points and vapor pressures of butene 
and pentene alkylates do not meet aviation gas- 
oline specifications, so that isopentane is usually 
used as a fill and vapor pressure agent. Propene, 
butene and pentene alkylates can all be used in 
the manufacture of 100 octane fuels. The 
amount of blending agent required varies from 
50 to 70 percent depending upon the alkylate 
and octane value and lead susceptibility of the 
base gasoline. Ready acceptance of alkylation by 
the refining industry is shown by some twenty 
alkylate plants in the United States and foreign 
countries, which have an output of well over 
7,000,000 bbl. per year of blending agent. 


Another alkylation process developed by Phillips 
Petroleum Company links ethylene with iso- 
butene by purely thermal means. Operating tem- 
peratures in this process are in the region of 900 
to 1000 deg. F. and system pressure varies from 
3,000 to 5,000 Ibs. per sq. in. The principal re- 
action product, accounting for about 40 percent 
of total liquid yield, is neohexane. Neohexane 
has an A.S.T.M. octane value of about 94 to 95, 
favorable volatility characteristics and good lead 
susceptibility. “These characteristics make it valu- 
able as an aviation blending agent in combination 


with isoctane, alkylates and isopentane. 


With the advent of more severe thermal crack- 
ing and reforming, the refining industry was 
faced with an entirely new problem, namely, the 
instability and a tendency toward self-polymeriza- 
tion of unsaturates in cracked distillates. Petro- 
leum research has met this challenge by improved 
acid treating techniques, clay treatment and new 
sweetening processes. In addition to these proc- 
esses, powerful inhibitors have been developed 
which retard or eliminate gum deposition in stor- 
age or in the induction system of the modern 
engine. Thus, research has been able to provide 
methods for reducing treating losses, maintaining 
octane ratings and lead susceptibility, and in 
guarding against possibility of gum formation 
after the fuel leaves the refinery. 


In preceding paragraphs achievements of fuel 
technologists in providing suitable liquid fuels 
for high output automotive and aviation engines 
has been outlined. Just as the efficiency of the 
modern engine would be severely reduced by the 
fuels of two decades past, lubricants of that pe- 
riod would have limited engine development had 
not petroleum research been able to produce lu- 
bricating oils which met ever increasing quality 
requirements as power output of automotive and 
Diesel engines increased. Lubrication research 
was first directed towards improved distillation 
and treating techniques, while in the last ten 
years these efforts have been directed towards 
segregating higher quality lubricating fractions, 
lowering manufacturing costs and producing high 
quality aviation, motor and industrial lubricants 


from crudes which had heretofore not been con- 
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sidered suitable sources of lubricating oils. Mod- 
ern engines require lubricants which will flow 
freely at zero and sub-zero atmospheric tem- 
peratures yet will not thin out at crank-case tem- 
peratures as high as 280 deg. F., nor carbonize 
on piston crowns, which in heavy-duty bus or 
truck engines may reach temperatures in the 
region of 700 deg. F. Research has met this chal- 
lenge by development of solvent extraction proc- 
esses to improve viscosity-temperature relation- 
ships, and by removal of waxy and other rela- 
tively high congealing point constituents through 
solvent dewaxing. Addition agents have also been 
developed which, when added in relatively small 
quantities, raise the viscosity index well beyond 
that of the best solvent extracted oils from se- 
lected crudes. Other additives will lower the 
pour point of an oil from the usual figure of 
10 to 30 deg. F. to well below zero. 

Among the solvent extraction processes available 
to the industry are those employing phenol, nitro- 
benzene, dichlorethyl ether (Chlorex), propane- 
Most of 
these selective solvent processes will raise vis- 


cresols (Duosol), furfural and others. 


cosity of Mid-Continent lube stocks to approxi- 
mately 100 V.I. and of Pennsylvania lube cuts to 
as high as 110 to 115. These solvent extracted 
100 V.1. oils can be further increased to 115 to 
130 V.1. by the addition of small quantities, in 
the region of five percent of high molecular 
weight, polymeric linear chain compounds. Sev- 
eral solvent dewaxing methods are now available 
for reducing the pour point (congealing point) 
of lubricants, among which might be mentioned 
propane, benzol-methylethyl ketone, SO.-benzol 
and Barisol processes. ‘These processes can eco- 
nomically dewax average lube stocks to pour 
points in the region of 15 to 30 deg. F. and al- 
though lower pour points can be obtained, the 
operation becomes increasingly expensive as sub- 
zero pour points are sought. As an adjunct to 
dewaxing processes, additives are now available 
which permit the refinery to obtain sub-zero pour 
points more economically than by intensive de- 
waxing operations. These pour depressant addi- 
tives appear to keep the wax crystal small and 
inhibit its growth, and to prevent adsorption of 
the oil on the wax crystal. Commercially avail- 
able pour depressants are high molecular weight, 


One of the most important parts of the Esso Laboratories: column for precise fraction- 
ation of petroleum hydrocarbons, 
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Friedel-Crafts condensation products of aroma- 
phenols with chlorinated wax. Other 
condensation products and voltolized materials 


have been found effective pour depressants. 


tics or 


Greater bearing loads in internal combustion en- 
gines have led to gradual displacement of bab- 
bitt by copper-lead and cadmium - silver alloy 
bearings. These new bearings, while capable of 
withstanding much higher bearing pressures, are 
more susceptible to attack by organic acid. A\l- 
though new refining techniques have improved 
the tendency of lubricants to deposit insoluble 
oxidation products, they do not appreciably i1- 
prove the oil as regards tendency to form acidic 
compounds. Moreover, in certain cases where 
heavy selective solvent treatment is required to 
obtain favorable temperature-viscosity character- 
istics, natural oxidation inhibitors may be re- 
moved with an attendant increased susceptibility 
of the lubricant toward oxidation and formation 
of acidic components. Within the last few years 
additives have been made available to correct this 
shortcoming. These additives may function as 
anti-oxidants, thereby retarding acid formation, 
or may act as metal pacifiers whereby metal sur- 
faces of the engine are deactivated as regards 
their ability to accelerate oxidation. Certain sub- 
stituted phenols are reported to be powerful anti- 
oxidants. Sulphurized fatty oils and other sul- 
phurized aromatics and substituted aromatic com- 
pounds have been shown to be effective anti- 
Alkyl and 
aryl phosphates are said to be fairly effective anti- 
oxidants and also possess appreciable metal paci- 


oxidants and corroison preventives. 


fying and film strength improving properties. 
Other additives are now available which have 
properties known as ‘“‘detergency” and ‘‘disper- 
sivity.” By detergency is meant the ability to 
keep an engine clean by preventing sludge and 
varnish-like deposits from forming on the en- 
gine. By dispersivity is meant the ability of an 
oil to keep sludge-like material in suspension and 
to prevent it from settling out on various parts 
of the engine. Oils having the property of de- 
tergency will actually remove, to a certain de- 
gree, sludge and varnish-like deposits that have 
been formed by the use of some other type of oil 
in prior operation. Oils having the properties of 
detergency and dispersivity are coming into in- 
creasing use for both automotive and Diesel serv- 
ice. For certain types of Diesel service such an 
oil is essential to satisfactory operation. Multi- 
functional additives combining pour depressing. 
V.I. improving and detergent properties have 
been announced recently. In general, it appears 
that additives which form stable colloidal systems 
in lube oils may function as pour depressants. 
improve viscosity-temperature characteristics and 
have some sludge dispersing properties. If these 
compounds contain polar groupings, they may i:- 
part added oiliness properties. If sulphur is pres- 
ent in the molecule, they may have bearing ccr- 
rosion properties and, lastly, if a metal is incor- 
porated in the molecular structure the additive 
will have some detergent action. 


Space does not permit outlining the many im- 
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»rovements which have been made in Diesel fuels 
nd special lubricants for automotive and marine 
Jiesel engines. In passing it might be well, how- 
ver, to point out that the fuel quality required 
or the high-speed automotive Diesel is a far cry 
‘om the old concept that anything which could 
- injected into the combustion space was good 
nough for a Diesel engine. The modern auto- 
otive Diesel requires fuels which will not con- 

-eal at low temperatures, which have a high de- 

sree of paraffinicity and low sulphur content. 

Research has found means of providing these 
gh quality Diesel fuels, and present indications 
e that, as supplies of virgin or extracted paraf- 
nic fuels decrease, additives can be employed to 
npart the desirable ignition qualities—so neces- 

sary for satisfactory performance—to the more 

naphthenic fuels. 


The contribution of petroleum asphalts te mod- 
ern transportation is seldom realized. With ex- 
panding automotive traffic, the old gravel road 
soon became obsolete, and various state and 
county agencies were forced to provide better 
road surfaces. Although total road mileage has 
remained fairly constant at approximately 3,000,- 
000 miles over the last 15 or 20 years, bitumi- 
nous-surfaced roads have increased from approxi- 
mately 20,000 miles to 200,000 miles in this 
same period. Improved roads, other than bitumi- 
nous-surfaced, have remained fairly constant at 
around 300,000 miles. In 1939 some 30,500 
miles of roads were constructed, of which 2,900 
miles were of brick or concrete, 11,600 miles 
were untreated, graded and drained construction, 
and 16,000 were of the bituminous type. Of 
special significance to car, bus or truck owners 
is a recent report from lowa State College show- 
ing comparative costs of automobile operation on 
three types of roads—paved, gravel and dirt. 
This report, based on information derived from 
over 3,000,000 miles of travel by rural mail car- 
riers in year-round operation, who averaged ap- 
proximately 15,000 miles per year per car, indi- 
cated that the cost per mile per vehicle was 3.34c 
for paved or bituminous-surfaced roads, 4.19c 
for gravel roads and 4.54c for dirt roads. As- 
phalt research has made great progress in deter- 
mining proper characteristics of bituminous mate- 
rials used in road surfacing operations. More- 
over, within the past year, additives have been 
developed which increase the adhesivity of as- 
phalts towards wet aggregates so that bituminous 
road construction can now be carried out under 
the most adverse climatic conditions. 


Various phases of the constant research being 
carried on by the industry that permits it to 
meet ever increasing demands for more com- 
plex products: a Cooperative Universal engine 
used in testing super aviation fuels; a bench 
in the laboratory for routine work; and X-ray 


equipment for testing materials of construction. 
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EMERGENCY 


REFINERY EXPANSION 


Division of Refining of PCO in 


Cooperation with Industry Commit- 


tees Working on Plans for Trebling 


of 100 Octane Production. 


EsrastisHMent of the office of Petroleum 
Coordinator had in view certain definite objec- 
tives which were broadly outlined by the Presi- 
dent in his order setting up the office. One pur- 
pose was to enable the government to be in- 
formed as to the availability of petroleum prod- 
ucts needed for national defense and war aid and 
to support the industrial operations essential to 
the maintenance of these activities. Another was 
to create an agency that could advise the oil 
industry as to the needs of the government and 
aid in the provision of facilities for expanded 
production wherever such action seemed neces- 
sary to aid the national defense policy. 


In accordance with the policy thus indicated 
Secretary of the Interior Ickes, following his 
appointment as Coordinator, called a conference 
of members of the oil industry to which he ex- 
plained that his desire was not to dominate the 
industry but to work with it and said that the 
cooperation between the government and the 
industry should be helpful in solving problems 
of production and distribution, raising efficiency 
through united action and keeping such sacri- 
fices as might be necessary as light as possible. 
To keep the movement on a representative basis 
and to interfere as little as possible with normal 
operation a system of regional organization was 
established. The country was divided into five 
districts—Eastern, Middle Western, Southern, 
Rocky Mountain and Pacific Coast. In each of 
these divisions, district committees were set up 
for each of the main activities of the business, 
namely production, refining, transportation and 
marketing, with a general committee composed 
of a general district chairman and the chairmen 
of each of the other four committees. Members 
of the various committees were appointed from 
nominees proposed by the industry itself with the 
object of making the groups broadly representa- 
tive of all elements in the business. With sub- 
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committees since appointed to deal with special 
problems in different districts a group of several 
hundred operating oil men has been assigned to 
the task of assembling information and enabling 
the oil industry to function as smoothly and 
effectively as possible during the emergency. 


Proceeding along similar lines the central staff of 
the Petroleum Coordinator’s office is organized 
into divisions dealing with production, refining, 
transportation and marketing, with other sections 
devoted to conservation, research and statistics, 
exports and other The 
organization, which is headed by Ralph K. 
Davies, Deputy Coordinator, has grown steadily 
since its establishment and now numbers approxi- 
mately 175 employees in the central office, in- 
cluding specialists in the various fields of activity 


specialized subjects. 


mentioned who are drawn from all parts of the 
country and are familiar with all branches of 
oil production, treatment and distribution. One 
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NEEDS CALL FOR HUGE 


of the first moves of the Petroleum Coordinato: 
was to establish a cooperative understanding with 
other government agencies having to do with 
the oil situation such as the Office of Price Ad- 
ministration, the Office of Production Manage 
ment and the Department of Justice. Particu 
larly important to individual oil men was the 
pronouncement of Attorney General Biddle that 
in situations where agreements for the pooling 
of shipments, exchange of products and othe: 
forms of joint action were deemed useful in 
meeting the emergency such procedures, when 
proposed by the Coordinator and approved by 
the Department of Justice, would not be made 
the basis of subsequent action against the par- 
ticipants under the anti-trust laws. 


The form of organization adopted, though neces- 
sarily extensive in order to cover every part of 
the country and every branch of oil activity, is 
relatively simple in the essentials of its opera- 
tion. It was designed to bring the full power 
of the industry to bear in meeting emergency 
demands at home and abroad, to provide govern- 
mental protection for forms of joint activity not 


ordinarily permitted, to assure supplies of mate- 




















vial for maintaining the essential operations of 
‘he industry, to extend assistance where neces- 
cary to satisfy defense needs for special products, 
nd to spread participation in the war aid effort 
er both large and small units in the industry. 
Vhile time is required to get an industrial ma- 
hine of such dimensions into full operation its 
-inctioning to date is considered satisfactory and 
the hoped-for cooperation of industry with gov- 
nment has been extended in full measure. 
8y reason of developments in the areas of war 
nd because of the enlargement of national com- 
nitments through enactment of the lend lease 
.w and adoption of the policy of aid to nations 
opposing totalitarianism the work of the Division 
of Refining of the Petroleum Coordinator’s office 
and the regional committees working in conjunc- 
tion with it has assumed special importance. 
Immediate and prospective demands for certain 
refined products, specifically for aviation fuel and 
lubricants, have been multiplied to several times 
the original estimates of requirements and call 
for a full mobilization of industry resources in 
these particular directions. The program adopted 
by this Division for dealing with the situation 
therefore becomes of special interest. 


Work of the Division of Refining, as outlined to 
Wortp PetroLeuMm by Director Wright W. 
Gary, is directed to coordinating the activities 














of the refining industry and assisting in satisfy- 
ing its requirements along the following lines: 


(1) Provision of materials necessary for effec- 
tive functioning of the industry to meet increas- 
ing domestic and export demands. 

(2) Increasing the production of aviation gaso- 
line through existing and projected plants. 

(3) Assisting in working out ways and means 
of financing and constructing additional plants 
for the production of 100 octane gasoline. 

(4) Adjustment of refined 
products to provide maximum output and effec- 


specifications of 


tiveness of manufacturing establishments. 

(5) Promoting the rapid and adequate distribu- 
tion of refined products (in conjunction with 
the Division of Transportation). 

(6) Handling of export orders and requests and 
survey of future export requirements. 

(7) Establishment of priorities and arranging 
with the Office of Production Management for 
materials needed for maintenance and repairs; 
arranging with Army and Navy Munitions 
Board for new projects essential to defense; 
counsel with Joint Aeronautics Board and other 
departments on future requirements of the armed 
forces. 

(8) General planning for provision of addi- 
tional refining facilities. 

(9) Adjusting inequalities and grievances of dis- 
tressed refiners arising from emergency measures. 


















































by Lummus for the 


Left, unit for combined topping and cracking at an impor- 
tant Pacific Coast refinery; and below, Magnolia Petroleum 
Company’s 10,000 bbl, per day polyform plant designed 
production of 88 Research gasoline. 


The above of course are only high points in the 
operating plans of the Division of Refining but 
they indicate some of the principal activities to 
which its attention is being directed. Two of 
the outstanding problems to the solution of which 
the Division of Refining is directing a consider- 
able part of its energies at the present time are 
those of priorities and of increased production of 
100 octane gasoline. The matter of priorities is 
one that has become increasingly troublesome to 
equipment manufacturers in the past few months 
as accumulating orders for the Army, Navy and 
lease-lend programs have absorbed more and 
In the earlier 
period of the defense campaign the issuance of 


more of available shop capacity. 


A-1-A ratings or defense preference requests by 
different departments and bureaus in Washing- 
ton led to considerable confusion. In some man- 
ufacturing establishments these “must” contracts 
exceeded working capacity with the result that 
only in cases where direct representatives of the 
contracting authorities were posted in a plant, 
as is the practice of the Army and Navy, was 
prompt delivery obtainable while other orders 
with high preference ratings were unavoidably 
held up to the detriment of the defense effort. 


In an effort to insure a more orderly handling 
of essential materials the Director of Priorities 
of the Office of Production Management on 
September 9 announced the adoption of a tem- 
porary plan establishing a preference rating of 
A-10 for maintenance and repair materials in 
twenty specified industries among which petrole- 
um production, refining and transportation were 
included. This ruling was intended to avoid 
the delays involved in having each order follow 
its individual course through the government de- 
partments concerned, with the checking and in- 
vestigation required in each case. Under its terms 
qualified producers and suppliers were permitted 
to apply the specified rating to deliveries of 
materials by endorsing on the purchase order 


“ 


the statement, “Purchase order for repair or 




















emergency inventory. Preference rating A-10 
under Preference Rating Order P-22.” ‘This 
order, it will be observed, was designated as 
being temporary only. Its purpose was to tide 
over the situation until a more complete system 
of handling the whole vexing subject of adjust- 
ment between available supplies and imperative 
demands could be worked out. It was limited, 
however, to repairs and emergency inventories. 
Projects involving new construction still re- 
quired special departmental action and issuance 
of “PD” orders entitling them to higher prefer- 
ence. Under the special ruling referred to a 
number of applications for refinery equipment 
were handled with g-eater dispatch than former- 
ly. Many oil companies apparently assumed how- 
ever that membership in the group of twenty 
specified industries in itself assured preferential 
treatment and were subjected to delay through 
neglect of the necessary endorsement on their 
orders. Meanwhile a reorganization announced 
by the President has placed the whole industrial 


phase of defense operations under the direction 
of the Supply Priorities and Allocations Board 
(SPAB in Washington) of which the Office of 
Production Management is the most important 
division. Director of Priorities Donald M. Nel- 
son has set about the task of putting the priority 
system on a practical basis by moving to ascer- 
tain the extent of available supplies and produc- 
tive capacity in each essential industry. Based 
on this information allocations will determine 
to what extent a balance can be struck between 
supply and demand which in turn will indicate 
in what directions and to what degree restric- 
tions on normal commercial production may need 
to be imposed. Cooperating in this study the 
Division of Refining of the Petroleum Coordi- 
nator’s office through materials sub-committees 
of its regional committees has been engaged in 
determining the volume of maintenance mate- 
rials used during the past year, quantities on 
hand and materials required for the coming year. 
In the report to be compiled from this data 


materials will be classified according to their 
character and the report when completed should 
give a clear picture of the maintenance needs of 
the industry for the coming year. 


No other subject is receiving as much concen- 
trated attention from the Division of Refining 
at the present time as that of enlarging the our- 
put of 100 octane gasoline. When the origin:| 
defense program was initiated in the early 
months of 1940 one of the first recommendatioris 
of Dr. Robert E. Wilson who was then serving 
as petroleum advisor to the National Defen:e 


“« 


Council was a doubling of the output of avia- 
tion gasoline which at that time was about 20 - 
000 bbl. daily. This increase was accomplished 
within the year by individual action of the o1 
companies but meanwhile demands for this pav- 
ticular product to strengthen the war efforts of 


Britain and Russia and to supply the growing 
needs of the United States forces have raised 
requirements to such an extent that the Petrole- 





The first refinery in the State of Wisconsin recently completed for the Wisconsin Oil Refining Company near Sheboygan. The unit shown has a 
capacity of 6,000 bbl. per day, draws its crude from Southern Illinois with delivery by rail and distributes its products through Eastern Wisconsin 





and Northern Michigan. 
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otherwise assuring those who undertake their 







um Coordinator asked first for a doubling and 
then a trebling of output. Director Gary de- 
scribed the situation before a recent gathering 
o! oil men by saying: 


“The tremendous present and indicated future 
needs for 100 octane number aviation gasoline 
point to a definite need for a large increase in 
ovr national productive capacity. The national 
defense program is rapidly gaining momentum 
and as planes are built fuel must be supplied to 
make them effective. The battle of democracy is 
being fought on many fronts and on all of these 
fronts 100 octane number gasoline must be made 
available. Substantially all of it must be sup- 
plied by our own refining industry. This re- 
quirement, if not met through an immediate and 
substantial construction program, will result in 
a dangerous depletion of our already dwindling 
stores of 100 octane gasoline.” 


Sub-committees of each of the five regional re- 
fining committees have been charged with the 
task of making a survey of their areas and of 
proposing ways and means of enlarging the pro- 
duction of 100 octane number gasoline. There 
are definite limitations upon the number of re- 
fineries that can be brought into this movement 
inasmuch as the products needed are derived 
from refinery gases and it is not practicable to 
install iso-octane units in plants of less than 
about 5,000 bbl. daily capacity. On the other 
hand it is desired to utilize the smaller refineries 
as fully as possible and processes developed within 
the past few years make it feasible to undertake 
the production of high test products in plants 
where it would have been out of the question 
previously. Several of the smaller refining com- 
panies already have announced plans for the in- 
stallation of such units and others are expected 
to follow suit as soon as necessary arrangements 
can be made. In the aggregate the smaller refin- 
eries are capable of a substantial contribution to 
the supply of 100 octane gasoline. Most of the 
major companies now have in operation alkyla- 
tion, isomerization or other units for the produc- 
tion of high test fuel and the capacity of many of 
these is to be enlarged. Without indulging in 
estimates as to the rapidity with which produc- 
tion of aviation fuel can be stepped up the feeling 
among those who are working on the subject is 
that the problem will be satisfactorily solved. 
Production of 100 octane gasoline involves some 
considerations that do not apply, not in equal 
measure at least, to products that normally are 
in More extensive use. It is a specialty, and for 
the present at least it is largely a wartime special- 
ty. With the ending of hostilities consumption 
obviously will fall off sharply. Refiners cannot 
he expected to make the heavy investment re- 
juired for its production without definite assur- 
ince of being able to recapture their outlay. One 
f the tasks of the Division of Refining is to 
work out with financial agencies of the govern- 
nent plans for extending financial assistance in 
the erection of plants where this is needed or 
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construction against loss. The question of priori- 
ties presents no particular difficulty in the case 
of these plants. Since their product falls directly 
into the class of munitions they are assured of 
the highest preferential rating. 


Production of aviation fuel bears a direct rela- 
tion to other refining operations. “If we are to 
maintain our present and expanded aviation gaso- 
line output,” to quote again from Mr. Gary, 
““we must provide the means to keep our refin- 
eries running in order to supply the required raw 
materials for the manufacture of 100 octane 
number gasoline. Furthermore, over-all opera- 
tions must be balanced for all refinery opera- 
tions ; hence the source of aviation fuel raw mate- 
rials will be limited. It is therefore essential that 
all possible sources of supply be carefully can- 
vassed.”” Incidentally it may be pointed out that 
the production of 120,000 bbl. of 100 octane 
gasoline daily which is the goal immediately in 
sight is based upon supplying domestic and ex- 
port needs for the coming year only as nearly 
as these can be estimated in advance. Beyond 
1942 the uncertainties are too great to permit 
intelligent planning. Moreover the program now 
under consideration will enlist the full energies 
of the construction branch of the industry as it 
can hardly be carried out in less than a year 
under the most favorable circumstances. The 
number of plants that will be built has not yet 
been decided and will depend upon individual 
capacities but if the plan to establish some of 
them in connection with some of the smaller 
refineries is followed the total is likely to run 
to 40 or 50 units and the cost to be $125,000,- 
000 to $150,000,000 or possibly more. 


Many and varied technical problems enter into 
the work of the Division of Refining. Building 
up the production of 100 octane gasoline is the 
big job of the moment but tied in with this is 
the necessity of maintaining a balanced output 
of all refined products, of keeping the wheels of 
millions of indispensable motor vehicles rolling, 
of keeping homes heated and industrial plants in 
operation. The country’s refineries are now oper- 
ating at the highest rate in their history. Daily 
runs are around 4,000,000 bbl. which is close to 
the capacity of 4,181,000 bbl. reported for active 
plants on January 1 by the Bureau of Mines 
with 141,000 bbl. additional then under con- 
struction. With rising domestic and export de- 
mands not only for ordinary gasoline but also 
for distillate and residual fuel oil, lubricants and 
base stocks for high test aviation fuel provision 
of added refining capacity must be kept steadily 
in view. These are but a few of the many ques- 
tions with which the Division of Refining is 
called upon to deal day by day. The problems 
are being attacked systematically and methods 
of solving them are being worked out through 
the active cooperation of the district committees 
and sub-committees. The team work that is be- 
ing done by the representatives of the industry 
and of government provides a sound assurance 
of successful contribution to national defense. 
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Houdry Process Ocecupies Important Place in 


NATIONAL DEFENSE 


1,000,000 Bbl. of Houdry Aviation 


Gasoline Already Produced from 


Plants That Can Manufacture Or- 


dinary Motor Fuel Without Costly 
Readjustments After Present Emer- 


gency is Ended. 


Tre Houdry Process stands today as the sole 
catalytic cracking process which has a proven 
operating background and a demonstrated ability 
to produce commercially high octane aviation 
fuel and motor gasoline. The purpose of this 
article is to outline the development of the proc- 
ess, its present status and possibilities for provid- 
ing fuel for our national defense effort. It will 
be realized that many technical aspects and de- 
velopments cannot be fully discussed due to the 
present government policy regarding disclosure 


of technical information. 


Today there are operating and under contsruc- 
tion 16 Houdry Units, having a combined cataly- 
tic cracking capacity of over 200,000 bbl. and 
representing an investment of the order of $50,- 
000,000. 
base and motor gasolines having a knock rating 
within the range of 78-81 A.S.T.M. octane and 
with a research octane on the motor gasoline of 
usually 87-90. The aviation fuel contains a high 


These plants are producing aviation 


percentage of iso-pentane and other iso-paraffins 
in the light ends and aromatics and naphthenes 


as the higher boiling fractions. The fixed gas is 
rich in iso-butane and will also supply a portion 
of the butenes required for an alkylation unit 
feed stock. The catalytic gas oil produced can 
be recycled for the production of additional mo- 
tor fuel or thermally cracked. Recovery and 
utilization of heat generated in the process has 
been improved to the point that for most units 
the utility consumption is only fuel and water 
and frequently there is an excess production of 
high pressure steam and electric power. The 
process today has far advanced from the original 
work done by Eugene Houdry in 1926 when he 
discovered that certain natural clay catalysts 
would produce high grade gasoline from Vene- 
zuela residuum. After confirmation of this phe- 
nomena there came the problem of revivifying 
the poisoned catalyst for further catalytic action. 
This was the major problem and successful utili- 
zation of the reaction depended upon its solution. 
Early work established that the yield decreased 
as the oil volume catalyst volume ratio increased, 
and therefore optimum yields would be possible 
only by bringing large volumes of catalyst in 
contact with the vapors. The possibility of do- 
ing this by continuously injecting the catalyst in 
the vapor stream, separation, and regeneration, 
was tried but due to the mechanical effort in- 
volved in moving the catalyst and difficulties due 
to its abrasive nature this method was considered 
inferior to regeneration in place and the shifting 
of the hydrocarbon vapor and the air regenera- 
tion medium as is done at present. 


The first attempt at the regeneration of the 
catalyst ended in the disaster that has greeted 
many other experimenters. The heat of oxida- 
tion of the catalyst deposit was so great, and the 
thermal conductivity of the catalyst so poor that 


Houdry laboratory at Linwood, Pennsylvania, where research directed toward the dis- 
covery of more efficient catalysts is constantly in progress. 
























the result was a masse of fused catalyst and 
steel. Eventually the catalyst was successfully 
regenerated by circulating small amounts of fresh 
air with larger volumes of flue gas, the oxygen 
content of the incoming mixture being held so 
low that the heat of regeneration could be re- 


moved as sensible heat in the regeneration gases. 


Obviously this procedure was slow. The problem 
was very much the same as that encountered in 
the burning of filter clays except the permissible 
loss of catalyst activity was much less. The 
amount of fresh air that could be admitted had 
to be kept very low in order to prevent the 
catalyst temperature from reaching the cintering 
stage, and the amount of flue gas recirculated had 
to be very high in order to remove as much heat 
as possible. In order to obtain a balanced cycle 
with one case on stream and only one or two in 
regeneration, it was necessary to keep a single 
catalyst case on a stream for a great number of 
hours. Since the catalyst loses activity with in- 
creasing time on stream as catalyst deposit is laid 
down, it is obvious that only very low yields 
could be obtained from this type of operation. 
The first improvement in catalyst case design was 
the incorporation of perforated tubes in the 
catalyst bed. These tubes conducted air and oil 
into all parts of the catalyst bed, and reaction 
products and regeneration gases from all parts 
of the catalyst bed, so that essentially all of the 
catalyst was being used or regenerated at the 
same time. These tubes, because of their consid- 


_erable mass and heat content, also tended to re- 


duce the maximum catalyst temperature attained 
during a regeneration. Within a short time, fins 
were welded onto the tubes, so as to assist in the 
temperature control of the catalyst mass. This 
procedure shortened the on stream period to the 
order of eight to twelve hours, but it was still 
necessary to depend upon the sensible heat of the 
regenerating media to carry away the heat of 
regeneration. The next step in the development 
of the catalyst container was in the use of a 
separate cooling medium to remove heat of re- 
generation. Numerous materials were tried, and 
water under pressure was used for a time. Pres- 
ent plants operate using a eutectic mixture of 
molten salts which circulates at all times through 
pipes in the catalyst mass. The pipes through 
which the salt flows are finned with steel plates 
of special design so as to remove readily heat 
from or supply heat to all sections of the catalvst. 
The cooling medium is cooled by exchange out- 
side of the cases, and heat removal is so efficient 
that the on stream periods of individual cases 
in most modern plants is only ten minutes. It 
can readily be appreciated that with this short on 
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The impressive catalysts cases of one of numerous Houdry gas oil cracking units. 


stream period, the catalyst is used at its peak of 
activity before an amount of catalyst deposit suf- 
ficient to poison seriously the cracking ability of 
the catalyst can be laid down. 


Hand in hand with the development of the 
catalyst container were developments in other 
engineering phases of the process. When it be- 
came evident that heat of regeneration could be 
removed by a separate cooling medium, the ques- 
tion of optimum utilization of this heat became 
of prime importance. Under present design of 
Houdry cases and auxiliary equipment, the heat 
ot regeneration is utilized in two major ways: 
first, as preheat by exchange to the oil feed ; and, 
second, in the manufacture of high pressure 
steam. The utilization of regeneration heat to 
preheat crude by exchange results in considerable 
economies, particularly in combination units 
vhere the heat recoverable by this and other 
means may be sufficient to top the crude. Only 
educed crude need then be fired, in a single 
heater. Because the heat of regeneration is recov- 
red at a high temperature level, 800-850 deg. 
., the manufacture of 475 Ibs. steam by ex- 
hange is an easy task. The 475 Ibs. steam is 
ised in gas recovery plant reboilers and in tur- 
bines for pump drives. In the latter case, this 
steam is usually bled off at 150 Ibs. for further 


process Or pump use or other use. 


About the time that the use of a heat exchange 
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medium for regeneration temperature control was 
being developed, consideration was also being 
given to the use of air at higher than atmospheric 
pressure for the regeneration. There are several 
advantages to using air at higher pressures. Be- 
cause of higher concentration of air in the cata- 
lyst chamber, greater burning efficiency is ob- 
tained on the oxygen of the air, and less air need 
be pumped to effect removal of a given amount 
of catalyst deposit. Moreover, the pressure drop 
occasioned by blowing air at atmospheric pressure 
is much greater than the pressure drop at 
higher pressure, and necessary air pipe sizes de- 
crease inversely with the absolute pressure. By 
the use of a turbo-compressor unit, fresh air is 
compressed to the desired pressure by energy ob- 
tained by bleeding hot regeneration gases through 
a turbine. Due to the heat picked up by the air 
during regeneration, and also to the increase in 
volume due to formation of water vapor and 
CO, there is usually an excess rather than a con- 
sumption of power by this operation. This is 
usually recovered as electric power by means of 
a generator connected with the turbine. Further 
power may be obtained if desired by passing some 
of the 475 lb. steam generated through a steam 
turbine connected with the generator. This steam 
may also be bled off at 150 Ibs. if desired. Many 
units now in operation and design so balance 
their power load that there is an excess rather 
than a consumption of steam and electric power, 
and the only net consumption of utilities is fuel 


and cooling water. Improvements in engineering 
design of catalyst cases and auxiliary equipment 
are being progressively made. As an example, a 
radically different type of case design, employ- 
ing a new type of cooling medium, is now ready 
for commercial test. If proven successful on that 
scale, it will, according to preliminary economic 
estimates, effect additional reductions in plant in- 


vestment and operating costs. 


When the first satisfactory case was evolved, 
long before the present design was adopted, ex- 
periments were begun on catalyst improvement. 
First attempts were in the direction of improve- 
ing naturally occurring clays. Clays from many 
different sources were tested, with and without 
chemical and physical treatment, and certain 
clays and certain treatments were found superior 
to others. Various catalyst treating methods 
were developed, particularly treatments to adapt 
catalysts to the proper activity for different types 
of charging stocks, and have contributed greatly 
to the dependability of results obtained in com- 
mercial units. Nevertheless, although source of 
clay, chemical composition, physical properties, 
processing procedure, etc., were all held as con- 
stant as practical, the inherent catalytic properties 
of natural clays varied from shipment to ship- 
ment and this variation could not be entirely 
eliminated by any treatment developed. Because 
of this variation in the quality of clays, and to 
improve on the best clays available, work was 
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started on the manufacture of synthetic catalysts 
from chemical raw materials. Starting with 
chemicals containing the basic elements in natural 
clays, a seemingly infinite number of combina- 
tions of chemical composition and reaction pro- 
cedure were tried. Other elements were added 
to and substituted for the elements in the clays. 
The effect of such variables as source of chemi- 
cal raw materials, conditions of precipitation of 
the catalyst, concentration, pH, method of dry- 
ing and molding all had to be determined. Once 
a catalyst was made in a reproducible manner 
which showed promise on one charge stock it 
had to be tried on charge stocks of widely dif- 
ferent properties. It was also necessary to know 
whether a catalyst would withstand repeated re- 
generations, and this involved long and tedious 
catalyst ageing tests. After four to five years 
of study and development of the type outlined 
above, a plant for the commercial manufacture 
of one of the synthetic catalysts was erected. 
This catalyst is now being used in four operating 
Houdry units and is being prepared for replace- 
ment of clays in others. The synthetic catalyst 
now in manufacture is not considered by its de- 
velopers to be the answer to all catalyst problems. 


For most services it is superior to catalysts made 


FIGURE 1 


from natural clays. It gives higher octane gas- 
oline than clay, and makes possible direct produc- 
tion of low acid heat aviation gasoline of high 
quality. With certain charge stocks, a reduction 
in catalyst deposit of 50 percent is obtained; on 
others the reduction is much smaller. Obviously, 
the minimum catalyst deposit possible is desired 
for a given yield of gasoline, since removal of 
the catalyst deposit is perhaps the major engi- 
neering problem in a catalytic plant. Needless 
to say, work is continuing on other catalysts at 
all times in the Houdry laboratories. 


Largely due to the development of newer cata- 
lyst, it has recently become practical to recycle 
the catalytic gas oil back through a Houdry unit. 
Incremental increases in motor gasoline yield 
have been obtained on all recycle ratios tried, 
and the recycling procedure involves no increase 
in catalyst capacity or in equipment auxiliary to 
the reactor vessels. This feature would indicate 
further confirmation of the original decision to 
use a fixed catalyst rather than a moving catalyst 
operation. Yields up to 70 percent motor gas- 
oline based on the fresh charge have been ob- 
tained by this type of operation, and the gas oil 
remaining is of approximately the same charac- 
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teristics as that obtained with once-through op- 
eration. With once-through operations, yields are 
largely a function of installed catalyst capacity. 
With recycling, yields become a function not 
only of the installed catalyst capacity, but also 
of the recycle ratio used. With the advent of 
economic recycling with a Houdry unit, a tool 
of great flexibility is in the hands of the refiner. 
It is no longer necessary to depend upon conven- 
tional thermal equipment, producing low octane 
gasoline, for the processing of the catalytic gis 
oil to supply sufficient overall motor gasoline 
yield. In the instance of a refiner who has exist- 
ing thermal capacity in good condition, the pref- 
erable installation may be a once-through Houdr 
unit, with heater and distillation additions for 
recycling as the thermal units fail or become in- 
operable as the most economical installation. 


Table 1 gives yield and inspection data from 
representative Houdry recycling operations. The 
gasoline yields given range from 49 to 65 per- 
cent of the case charge. As is evident from this, 
recycling operations are not always run for maxi- 
mum gasoline yield, but for incremental gasoline 
vield, with a given catalyst capacity, over once- 
through operation. The data of Table 1 repre- 
sents incremental yields over once-through opera- 
tions of nine to 19 percent. Attention is called 
to the high research octanes of the gasoline and 
to the quality of the catalytic gas oil. 





TABLE 1 
Representative Yields From Houdry Recycle 
Cracking 
oe on bs ~ es 
Ze $= $3 
Se  & SE 
Po Y a 3 = 
‘ Ee cal 7 
;‘= En ex s 
s+ = = & 
“2M a pe a 
s e ao as z 
= = bo rf road ~ 
s £2 =e 2. é 
cy $2 Ze os - 
° Se 3= =? % 
” So 52 So = 
yy >~ Bo 
a w Pa 
Fa ss Bi 
= 2° 
So is) 
Ge. Gee. APE. ..c2c- 19.4 25.8 27.3 35.9 
I.B.P. deg.F. . sae 500 440 432 
10% deg. F. ... a 83 490 488 
50% deg. F. 898 810 700 540 
90% deg. F. ve mas 642 
OF eS errr “~ == 718 
Gr. ns 7.7 17.4 16.9 oe 
Sulphur, % .......... 1.58 0.35 0.51 0.19 
Tar— % vol. of chg. to 
DED eapcennaaacescs 35.7 38.4 34.1 
Gr. deg. A.P.I. ... Tet 17.4 16.9 
Fresh Charge to Cases 
% vol. of chg. to 
SEE nvtvensisersess 64.3 61.6 65.9 100.¢ 
Gr. % A.P.I. .. 26.8 31.7 33.2 35.9 
Dry Gas., % wt. of 
fresh chg. to Catalyst 12.4 14.3 9.2 14. 
Catalyst Deposit, % wt. 
of fresh chg. to 
BED osscvcesdene 6.7 7.1 3.2 5.4 
Gasoline, % vol. of 
fresh chg. to Catalyst 60.0 56.1 49.4 65. 
Gr. deg. A.P.I. . 58.7 58.8 58.5 56. 
50% deg. F. ...... 247 231 232 380 
50% deg. F. ...... 247 231 232 210 
90% deg. F. ...... 370 365 370 380 
Ok S Sees See 9.3 10.0 10.0 9. 
Sulphur, % ....... 0.13 9.01 0.03 0.02 
C.F.R.M. octane 
REE secccccce 80.0 79.6 79.0 78.2 
C.F.R.M. octane 
eee 92.1 89.1 89.0 88. 
Catalytic Gas Oil, % 
vol. of fresh chg. 
to Catalyst ...... 30.1 29.6 44.1 21. 
Ge. Gee. AFA. ..- 21.9 26.9 31.0 34. 
10% deg. F. ...... 539 488 481 486 
50% deg. F. ...... 625 556 536 518 
Pour Point deg. F. 64 aah eae 20 
Viscosity, S.S.U. at 
100 deg. F. .... 49 40 39 36 
Aniline Point, 
> ee 141 eos 145 148 
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(sasoline produced by a Houdry unit is uniformly 
of 78 to 81 C.F.R.M. octane, regardless of the 

ude source of the charge stock. C.F.R. Re- 
search octane varies over the wider range of 85 
to 95. Gasoline from a recycling operation may 
be a point higher in motor octane than that from 
once-through operation, and the research octane 
is generally about two-points higher. The work 
of the Cooperative Fuel Research Committee 
which was reported at the May, 1941, meeting 
of the American Petroleum Institute has pointed 
out the importance of compounds other than 
paraffins in modern motor gasoline. The road 
test work there reported shows that the octane 
demand of 90 percent of the engines tested de- 
creased from 78.5 at 750 R.P.M. (15 m.p.h.) 
to 66 at 3000 R.P.M. (60 m.p.m.). A sample 
of Houdry gasoline, made on old type catalyst, 
of 76.5 C.F.R.M. octane, was found under the 
same conditions of test, in an equally large num- 
ber of cars, to perform as 83 octane at 750 
R.P.M. as 70 octane at 3000 R.P.M. and to 
have the same octane-engine speed slope as 95 to 
100 percent of the cars tested. This gasoline, 
which appears almost exactly to match the re- 
quirements of a modern automobile engine, had 
the analysis shown in Figure 1, and is typical 
of the gasoline which would be produced from 
the once-through processing of a reduced crude. 
Eighty-five to ninety-five percent of the paraffins 
are iso-parafhins, and it is evident that the octane 
in the front end of the gasoline is due to its high 
iso-parafin content. The octane of the heavier 
end of the gasoline is due to the larger quanti- 
Fig- 


ure 2 shows the analysis of a sample of motor 


ties of aromatics and naphthenes present. 


gasoline obtained by once-through Houdry crack- 
ing of East Texas gas oil. A comparison of the 
two charts will disclose the primary difference 
between once-through Houdry gasoline produced 
from gas oils or lighter stocks and from reduced 
crudes or heavier stocks. The gasoline from the 
light stocks, due to the catalysts and operating 
conditions employed, contain practically no ole- 
fins. This means that, since the A.S.T.M. octane 
is unaffected (79-80) and aviation gasoline equal 
to or better than the best straight run gasolines 
can be produced. Furthermore, because of the 
high isopentane content of Houdry gasolines, it 
is unnecessary for the refiner to purchase or man- 
utacture additional iso-pentane for vapor pressure 
and octane improvement. 


\viation gasoline produced by the Houdry pro- 
‘ssing of naphthas and gas oils will be of 20 to 
+!) acid heat, and when blended with alkylate 
to produce 100 octane gasoline the acid heat will 
h= correspondingly lower. With 3° T.E.L. per 
il, the octane of the Houdry aviation base will 
inge from 91 to 94, and 100 octane gasoline 
an be produced by blending with an average of 
+) percent of hydro-codimer or alkylate plus 3°¢ 
T.E.L. This alkylate requirement will be seen 
to be considerably less than that required with 
most straight run gasolines, and it should be par- 
ticularly noted that no outside iso-pentane is 


necessary. The vapor pressure of debutanized 
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Houdry aviation base gasoline will range from 
seven to eight pounds Reid, and this is due to 
its high isopentane content. ‘The data in Table 
2 give representative yields from once-through 
processing of two representative gas oils and 
naphthas. It can readily be seen that the source 
of the crude has practically no effect upon the 
quality of the aviation gasoline produced. In 
connection with the production of aviation gas- 
oline, preliminary studies of a simple treating 
method have indicated that the already excellent 
lead susceptibility can be improved and that with 
4° T.E.L. AFD-1C octanes of the order of 96 
to 99 can be obtained without the use of high 
octane blending mediums such as hydrocodimers 
or alkylates. Attention is called to analyses of 
the gases (total C, and lighter) shown in Table 
2. Approximately 40 percent by volume, or 
almost 55 percent by weight, of the gas made is 
iso-butane. This is sufficient to supply a major 
portion of the iso-butane necessary to provide 
alkylate to bring the Houdry aviation base to 
100 octane with 3° T.E.L. If desired, by a 
change in operating conditions, the gas make can 
be increased at the expense of only the cycle 
stock, to the point where the iso-butane output 
of the Houdry unit is sufficient to provide all of 


the iso-butane needed for the alkylation unit. At 
this time, the butenes produced will be approxi- 


mately one quarter of those required for the 


alkylate. 


TABLE 2 
Data From Once-Through Houdry Cracking 
Gas Oils and Napthas 


‘harge to Catalyst 


s) 
% volume of crude 
A.P.I. gravity, deg. 

initial boiling point, 

Gi. We cdnenceneess 

10% point, deg. F. 
50% point, deg. F. 
90% point, deg. F. 
End point, deg. F 
Aniline int 

deg. F. 
Sulfur content, %.. 

Yield Data 
Excess Iso Pentane, 

% vol. of chg to 


GD sicesces 
Aviation Gasoline 
7 - R.V.P.. &% 

vol. of chg. to 
case 


Avia. gaso. base for 
blending, “) vol. 


FIGURE 2 


™<©Grade B Coastal Gas Oil 


eo ee 
ce 


184 
529 
576 
680 
712 


164 
0.21 


37.0 


oEast Texas Gas Oil 


wre 


440 
474 
535 
660 
728 


166 
0.03 


33.0 


de B Coastal Heavy Naphtha 


@2*Gra 


wr 


0.03 


26.8 


Texas Naphtha 


~~ East 


Pr 
wn 


348 
366 
411 
480 
514 


0.03 


22.8 
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AVERAGE COMPOSITION 


46% Paraffins 
26% Naphthenes 


6% 


Ole fins 


22% Aromautcs 
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chg. 
Avia. gaso., 100 oc- 
tane - base + iso 


octane — % vol. 
PD saviancads 
Motor, naphtha, ‘/ 


vol. of chg. to case 

Catalytic gas oil “% 

vol. of chg. to case 

Dry gas from avia. 

gaso., % wt. of 

chg to case 

Catalyst deposit, / 

wt. of chg. to case 

Motor gasoline, ‘/ 

vol. of chg. to case 

Dry gas from motor 

gaso., “% wt. of 

chg. to case 

Inspection of Products 

Aviation gasoline 

A.P.I. gravity, deg. 
10% evap. at 

deg. F 

50% evap. at 

deg. F. . 


Reid vapor pressure 
at 100 deg. F. 
 * ae 
Salter, GW .scces 

Acid heat, deg. F. 

Copper dish. corrosion 


Copper dish. gum. 
MG. per 100 ML. 
Oxygen bomb. induc- 


tion period, hours 
J. S. Navy Acceler- 


‘lated Gum ....... 


Freezing point deg. F. «76 
Freezing point deg. F. «76 


56 


35.4 28.5 24.7 Heat of combustion 
B.t.u. per pound 
(net or low. val.) 19,202 
61.0 47.5 46.6 CFRM-ASTM octane. 78.7 
Octane AFD-IC after 
11.4 33.3 36.2 addition of 3 ML. 
per gal. T.E.L. ... 93.0 
37.5 30.2 28.5 Octane T.E.L. 4 ML. 94.5 
Motor Naphtha 
14.6 9.3 10.5 API gravity, deg..... 36.1 
CFRM - ASTM octane 
5.1 1.8 1.9 69 04 cee dee 80.5 
Bs, Go cccccccce €.01 
19.3 66.7 66.6 Catalytic Gas Oil 
API gravity, deg. 26.8 
12.7 5.9 6.3 % point, deg. F. 180 
50% point, deg. F. .. 528 
90° point, deg. F. .. 624 
63.7 61.3 61.2 End point, deg. F. .. 724 
- Aniline point, deg. F. 111 
135 138 136 Galfer, % ....... €.15 
” 9 S.U. Vis. at 100 
on - - rrr 36 
275 281 294 Motor Gasoline 
API gravity, deg. 54.9 
= 7 1%, evap. at deg. F. 129 
sis, $81 Eh, Ste evap: at dens aan 
27 27 27 90°, evap. at deg. F. 346 
O.K. O.K. O.K. Suifur, % .......+-. 0.02 
Reid vapor pressure 
1 2 1 at 100 deg. F. p.s.i. 10 
CFRM - ASTM octane 
10 6 6 CFRM-ASTM octane 
- after addition of 1 
- G1 B.A G Sale ML. per gal. T.E.L. 85.2 
CFRM - ASTM octane 
after addition of 3 
ML. per gal. T.E.L. 90.0 


5 th. alpha 8 Ib. alpha Dry Gas from Aviation Gasoline 


naphthol/ naphthol Hyd MO 1%... 4.5 

3000 bls, 1600 BBts. Methane MO 1%.... 10.1 
gasoline) gasoline) Sidon tienes 

-76 76 76 BP Ge xarwies-ce020% 6.6 

-—76 76 76 Propene MO 1°; 7.1 


A corner of the heater may be seen against 
the background of catalyst cases at a Houdry 


cracking unit. 





18,686 
78.6 


0.14 
34 


59.3 
126 
219 
356 
0.01 


79.2 77.9 
94.0 93 
94.7 94 
40.8 
58.9 
0.01 
33.6 40.6 
440 363 
460 400 
513 -478 
631 516 
130 
0.C1 
31 
54.4 53.3 
158 150 
158 150 
389 389 
0.01 0.01 
10 10 
78.9 69.5 
83.2 77.5 
2.3 7.1 
7.2 10.8 
5.5 7.6 
16.4 11.2 


Propane MO 1% 10.2 16.5 8.8 15.6 
Isobutane MO 1% 41.7 37.6 40.9 29.9 
Isobutene MO 1%... 1.09 1.5 3.4 2.3 
N-butene MO 1% ... 9.8 6.2 8.3 7.6 
N-butane MO 1% .. 8.2 3.2 7.2 7.9 


NOTE: 95 AFD-1C Octane hydro-codimer used for 10 


octane blends. 


In the past five years over a million barrels of 
Houdry aviation gasoline have been manufac- 
tured and sold. This gasoline has been used b 

the United States Army and Navy and the con 

mercial air lines. There is no question about its 
performance. The accompanying table 3 gives 
analyses of Houdry aviation base gasolines fron 
representative sources before blending with alk, 

late. For some time back it has been felt that 
saturated hydro-carbons were the only ones de- 
sired in high grade aviation gasoline. Opinion is 
changing, however, and it is now felt that mod- 
erate amounts of aromatics are not only beneficial 
but necessary for the best performance under all 
flying conditions. 


TABLE 3 


Composition of 7 lbs. RVP Aviation Gasoline, 
approx. 280 deg. F. at 90% 


Charge Stock Vol. © of Gasoline 


Olefine 
Aromatics 
Naphthenes 
Paraffines 


Gas Oil from Grade 
B Coastal Crude .... 9.1 11. 
Heavy Naphtha from 


~ 
we 
pas 
a 
wo 
a 
> 


Grade B Coast. Crude 6.0 16.0 25.0 53.0 
Gas Oil from E. T. 

SED | dsecrensesvene 7.7 16.3 18.4 57.6 
Heavy Naphtha from E. 

Texas Crude ........ 10.0 17.3 23.4 49.3 
MED Ssdsesrrceses 6-10 12-17 19-25 50-57 


From the foregoing, the place of Houdry cata- 
lytic cracking units in the defense organization 
of the country is evident. With a given alkylate 
production, from 33 to 50 percent more 100 oc- 
tane gasoline can be produced, and no iso-pen*ane 
need be purchased or manufactured by costly in- 
stallations. When the present emergency is over, 
alkylation units and isopentane superfractionators 
will probably be of limited use. Houdry units 
will continue to be operated economically for the 
production of high grade motor gasoline. If it 
is desired to operate the Houdry unit on heavier 
charge stocks, such as reduced crudes, a change 
of catalyst may be necessary, depending upon the 
specific case, but no costly equipment changes 
will be needed to convert the installation. 


Under present operations, the Houdry aviation 
gasoline cut can be blended to 100 octane gas- 
oline, sold alone or with straight run as 91 oc- 
tane gasoline, or if these markets are at any time 
insufficient to use the entire unit output, maj 
be blended into motor gasoline production. The 
heavy naphtha from gas oil operations will be 
79-80 octane, and may be blended into motor 
gasoline. Excess butane production will provide 
a vapor pressure lift for the naphtha. 
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62 Million Gallons of Toluene Yearly For 


NATIONAL DEFENSE 


By O. W. Willcox 


Oil Industry Plans te Furnish Ex- 


plosive Sufficient for 4600 Rounds 


of 16-Inch Rifle Ammunition Per 


Day From Toluene Units. 


Assive from reconnaisance, for aerial trans- 
port of parachutists, and for fighting other planes 
in the air, the chief function of a military air- 
plane is to drop bombs on ships, land fortifica- 
tions, and industrial plants. Merely for flying 
through the air a bomber or other airplane is 
wholly dependent on aviation gasoline, a petrole- 
um product. The bombs that the plane drops 
are charged with trinitrotoluene, which is made 
from toluene, now also a petroleum product. In 
a double sense, therefore, the petroleum industry 
is a vital source for the materials of aerial war- 
fare which is proving itself decisive today. 


It has been estimated that the defense program 
of the United States should provide for an an- 
nual supply of 500,000,000 to 600,000,000 Ibs. 
of trinitrotoluene in order to be sure of having 
enough for a full-scale war effort. This will 
mean that there must be produced, somehow, 
about 50,000,000 to 60,000,000 gallons of 
toluene a year. Where is this toluene to come 
from? The chief source of toluene up to the 
beginning of the present emergency has been the 
coal tar which is obtained as a by-product in the 
dry distillation of coal, such as occurs in the 
operation of coke ovens and gas manufacturing 
plants. In 1939 the amount of toluene produced 
in the United States from this source was about 
20,000,000 gallons, or about a third of the esti- 
mated military need, but nearly all of this peace- 
time production was being absorbed by civilian 
ndustry for the manufacture of solvents for 
paints and for other solvent purposes, and for 
the manufacture of dyestuffs and many other 
indispensable materials. To commandeer these 
20,000,000 gallons of toluene for exclusively 
military purposes would result in much incon- 
venience, and even then to depend on existing 
sources would create a bottleneck. It has there- 
fore become necessary to tap other sources of 
supply, the chief of which is petroleum. 
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Many crude petroleums contain small amounts 
of toluene and other hydrocarbons of the aroma- 
tic series, particularly after passing through the 
usual cracking operation. To separate the toluene 
from crude or cracked oil, requires a more or 
less simple fractionation. Several refineries have 
for some years been accustomed to recover com- 
mercial amounts of distillates rich in toluene for 
sale to paint and varnish makers. However, such 
fractions are not sufficiently pure for military 
purposes. The statement that the separation of 
toluene from crude or cracked oil requires a 
more or less simple fractionation needs a little 
clarification. In the case of a crude oil straight 
run distillate little contaminated with olefines or 
naphthenes, only a straight fractionation is re- 
quired, so that where the toluene content is even 
as little as 0.4 percent of the charge it may be 
recovered. Cracked distillates on the other hand 
contain ten times as much toluene, but from 
cracked distillates the separation of this large 
quantity is a complicated process, due to the very 
complex character of the cracked product. Some 
of the cracked substances form azeotropic mix- 
tures with toluene that cannot be broken up by 
fractional distillation and this makes it necessary 
to resort to various devices, among which are 
included treatment with selective solvents. 


Up to date, the Shell Oil Company has taken 
the principal lead in the separation of military 
toluene by fractional distillation. The first such 
plant was completed in December, 1940 at 
Shell’s Deer Park refinery, Houston, and placed 
in operation to produce 2,000,000 gallons of 
toluene a year. In May, 1941 the Shell Com- 
pany contracted with C. F. Braun Company for 
the erection of a duplicate of this plant to cost 
approximately $1,000,000. This will raise the 
toluene output of the Deer Park refinery to 
4,000,000 gallons a year. In August of this year 
Shell also contracted for the erection of a third 
toluene plant, this time at its Wood River re- 
finery in Illinois, which will have an annual 
capacity of 4,000,000 gallons of toluene, and 
will bring the total toluene capacity of the Shell 
Oil Company up to 8,000,000 gallons a year. 
It has been stated that if similar equipment were 
installed at all of Shell’s other refineries, the 
total annual output of toluene by this company 
would reach 40,000,000 gallons. 


At the same time the problem of toluene supply 


is being attacked on a larger scale in another 


quarter. In this case a richer supply of material 


for fractionating is being utilized. Except in 
some natural foreign crudes, such as those of 
Borneo and Roumania, which for obvious rea- 
sons do not come into consideration for the pur- 
poses of American defense, the amount of toluene 
in most natural crudes and in crudes that are 
cracked by ordinary methods is small, seldom 
reaching or exceeding 10 percent, and thus re- 
quires the handling of large volumes of distillates 
in order to obtain quantity production. In some 
of the newer cracking and reforming processes 
the amount of toluene found in the cracked or 
reformed gasoline is much larger, and can be 
made quite large by controlling the process so 
as to make the production of toluene and other 
aromatic hydrocarbons the main instead of the 
secondary product of the operation. Such is the 
case with the recently perfected hydroforming 
process which is being licensed by the M. W. 


Fractionating equipment in Shell’s recently com- 
pleted toluene unit at the Deer Park refinery in 
Houston. 
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Kellogg Company. This process was primarily 


designed for and is still mostly used in the manu- 
facture of high octane base blending stocks for 
aviation gasoline. This process employs a cata- 
lytic reaction which in chemical terms is a com- 
bination of hydrogenation, dehydrogenation, and 
aromatization. The preferred raw material is a 
straight-run heavy naphtha. This material is 
heated and mixed with gas rich in hydrogen re- 
cycled from a previous operation. This mixture 
passes through a reaction vessel charged with a 
special catalyst material, and issues as a product 
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from which is obtained a yield of 80 percent of 
an 80 octane A.S.T.M. gasoline. The interest- 
ing point in this connection is that the high 
octane number of this gasoline is due in no small 
part to the formation of large amounts—up to 
50 percent or more of aromatics, principally 
toluene and xylene, of which 15 to 20 percent 
By appropriate modification of the 
process, instead of merely producing a high 


is toluene. 


octane blending gasoline base, the aromatics con- 
tent of the product can be raised to 80 percent 
with a proportionate increase in the yield of 








Heat 
accumulators and 
equipment for 


exchangers, 





separation of to- 
luene by frac- 
tional distillation. 
This Shell Com- 
pany unit at 
Houston can pro- 
duce 2,000,000 
gallons of toluene 
a year. A dupli- 
cate of this plant 
will soon be in 
operation at Deer 


Park. 






toluene. This synthetic process seems well 
adapted to meet the demand for military toluene, 
once the plants built, 


planned, come into full production. 


already building or 


The first of these hydroforming plants to come 
into consideration as a producer of toluene is the 
Texas City refinery of the Pan American Pe- 
troleum and Transport Company, which was 
started up late in 1940. This plant is designed 
to process 7,500 bbl. a day of straight run heavy 
(uncracked) naphtha of 40-45 octane number, 
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vhich would normally be converted into 80 
octane gasoline. When operated for toluene the 
nnual output of this product will be equivalent 
» 5,000,000 gallons. The second hydroforming 
lant to be constructed with an eye to the pro- 
iction of military toluene is a new 4000 bbl. 
day unit of the Continental Oil Company at 
‘onca City. This plant will be in a position to 
irn out about 2,500,000 gallons of nitration- 
‘ade toluene a year. In addition to these facili- 
‘ies is a large unit which has just been put in 
eration by the Humble Oil and Refining Com- 
iny at its Baytown, Texas, refinery. This unit 
- designed for hydroforming a charge of heavy 
naphtha amounting to 16,000 bbl. a day. The 
total cost of this unit with its accessory equip- 
ment is stated to be $11,860,000. The govern- 
ment furnished the money and owns the plant, 
which will be operated by Humble Oil and Re- 
fining Company on a cost-plus basis. It is ex- 
pected that the output of toluene from this unit 
will be in excess of 10,000,000 gallons a year, 
which it is said might eventually be raised to 
nearly 27,000,000 gallons by the operation of 
auxiliary units that may soon be installed. 


The whole of the above mentioned facilities sum 
up to a total of about 42,500,000 gallons of 
military toluene a year. This could be further 
increased by pressing into service two other hy- 
droforming units that are being planned without 
reference to toluene production. 


If the military authorities have not understated 
their requirements, it appears that the toluene 
situation will hardly become a bottleneck in the 
war that has now come very close to the Ameri- 
This is quite different from the case in 
World War 1, when the coke and the gas works 
were the only available commercial sources of 
toluene in the United States, and they were then 
producing far less than the 20,000,000 gallons 
produced in 1939. It was known in a limited 
way that toluene was present in small quantities 
in cracked petroleum, but the conditions under 
which it was formed were unknown. Neverthe- 
less, the problem was attacked energetically, if 
somewhat blindly. It was learned that the most 
suitable charging material was a distillate stock, 
and a plant was erected by the General Petrole- 
um Corp. at Vernon, California. Without much 
theory or practice as a guide, a cracking opera- 
tion was hit upon that enabled this plant to turn 
out about 200,000 gallons a month. Meanwhile 
erection of a similar plant was started by the 
Standard Oil Company of California at Rich- 
mond, but the end of the war put a stop to 
such operations. The difference between the old 
and the new situations lies in a better under- 
standing of the transformation of paraffin hydro- 
carbons into aromatic hydrocarbons, and particu- 
larly in the discovery of catalyst materials that 
make it easy to effect this transformation. 


Cas. 


The paraffin hydrocarbon most suitable for con- 
version into toluene is normal heptane, generally 
written n-heptane, although higher members of 
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the series which can be broken down into n-hep- 
tane also come into consideration. N-heptane 
and its higher homologs are plentiful in the 
upper gasoline distillation range and in naphthas. 
Hence, such distillates are good charging stocks 
for toluene manufacture. Why n-heptane lends 
itself to this synthesis will be clear from the 
accompanying diagrams. (1) represents the nor- 
mal heptane molecule. It is a chain of seven 
carbon atoms (C); the two end atoms carry 
three hydrogen atoms (Hg) and the middle ones 
two hydrogen atoms (H,.). (11) represents the 
toluene molecule. It is a closed ring of six car- 
bon atoms, with the seventh carbon atom and its 
three hydrogens (CH3) hanging on one side; 
the other six carbon atoms in the ring are re- 
duced to one H atom each. 


Inspection of (1) and (IL) will suggest that if 
a normal heptane molecule is looped on_ itself 
and the first carbon atom (No. 1) tied to No. 
6, and the hydrogen atoms on the ring carbons 


I. n-HEPTANE 





reduced to one each, the result would be a mole- 
cule of toluene. This is exactly what happens 
when distillates rich in heptane or heptane-yield- 
ing straight chain hydrocarbons are passed over 
a chromium oxide catatyst in the hydroforming 
process. The various stages in this transforma- 
tion are indicated by diagrams III, IV and V: 
Ill shows an atom of hydrogen being removed 
from each of carbon atoms | 
be The result is the ring 
compound IV, which is cyclohexane. Then in a 
further phase of the process one hydrogen is re- 
moved from each of the ring carbons, giving V, 
which is toluene. 


and 6 so that a 


ring may formed, 


Some authorities have lately insisted that instead 
of figuring on 60,000,000 gallons of toluene a 
year the army and navy should ask for 100,000,- 
000 gallons, and others have multiplied this by 
three. If the higher estimates prevail, the oil 
industry could still comply, but it will have to 


be given much assistance and considerable time. 
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Distillate Production 


For 


Direct Utilization 


Distillate production from pressure main- 

tenance plants contributes a small but im- 

portant output to the total refining capacity 

which has lately become of critical impor- 
tance. 


While Small in Volume Distillate 
Production Has Valuable Charac- 
teristics Requiring Minimum Treat- 
ment to Make it Available as Motor 
Fuel—May Help to Relieve Possible 
Strain on Refining and Transporta- 


tion Facilities During Emergency. 


Ulric 


Meisel 

















DISTILLATE PRODUCTION 


WV HEN the first gas well was drilled in the 
Agua Dulce field in South Texas over a decade 
ago and when a gas well was completed by a 
major oil unit on the Stratton structure nearby 
several years later, the owners considered their 

scoveries essentially as failures. As a matter of 

‘t, those companies disposed of most of their 


operties consisting of thousands of acres be- 
use at that time they saw no value in a gas 
‘Id in this area. Fields closer to population and 
idustrial centers assured a long-time supply 
rom those fields and as a consequence the more 
istant fields had to wait for a market and ex- 


ploitation. Such projects represented unsatisfac- 
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tory investments for oil companies which had to 
look to income in the more immediate future. 
These two discoveries represented types of gas 
reservoirs of which there were presently to be a 
considerable number. An earlier gas field of this 
character was the Big Lake 1929 discovery, al- 
though the older Big Lake dark oil producing 
horizon overlain by a gas-distillate gas sand, was 
discovered earlier and was producing in 1929, 


A gas-distillate well is considered as a gas well 
except that before the fall of 1932, the produc- 
tion from the Big Lake gas sands, produced with 
an outstandingly low gas-oil ratio, was considered 
as oil, white oil to be sure, but oil nevertheless. 
A condensate or distillate well was earlier con- 
sidered to produce a water white or nearly water 


white product of relatively high A.P.I. gravity 




















at a high gas liquid ratio. In the fall of that year 
Dr. Wm. N. Lacey, in a discussion before the 
California Institute of Technology of an A.P.I. 
paper delivered by E. V. 
theory that the white oil produced in the traps 


Foran, suggested the 


in this field was the product of condensation out- 
side the reservoir and the oil or condensate was 
in the vapor phase in the reservoir. In spite of 
the attention received at 
the November meeting of the A.P.I. in 1932, 
this “oil” continued to be produced as crude oil, 
and the 


which this discussion 


“casinghead” gas produced concomitant 
therewith was processed in a conventional gaso- 


line plant to be treated as natural gasoline. 
Wet gas with substantially lower liquid con- 


tent was generally recognized as gas, and pro- 


duction of the gas for the small gasoline content 
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was not permitted in Texas under laws enacted 
as early as 1925, and confirmed by the courts 
‘n Henderson versus Railroad Commission of 
Texas, 1932, unless a legal use was made of the 
remaining gas after separation of its liquid con- 
tent. Owners of substantial wet gas reserves were 
npelled to defer the recovery of gasoline or 
iphtha for economic reasons as well as by the 
restraints of conservation laws. They desired to 
recover the liquid content but did not want to 
destroy the latent value of the gas reserves for 
their future value as fuel and for the possibilities 


using the gas as raw chemical material in the 
production of fuel and plastics. Polymerization 
was in its infancy and great promise was held 
out that a large part of United States’ supplies of 
motor fuel would ultimately come from this 
source. Plastics originating with ethylene from 
butane had passed the laboratory stage. 


Some owners or lessees of properties of this 
recovered what they could of the 
heavier components of this type of gas in field 


character 


separators operating at relatively low pressure, 
but wasted the gas into the atmosphere for as 
long a time as they could avoid impact with the 
regulatory bodies. In several cases, as at Big 
Lake and Agua Dulce, operators processed the 
separator gas through conventional absorption 
gasoline plants operated at pressures up to 300 
lb. per sq. in., while in other cases operators lim- 
ited their production of condensate to what they 
could recover from gas for which they had a 
market. But in the main, the increasing num- 
ber of distillate reservoirs uncovered by the drill 
remained undeveloped or only partially develop- 
ed, for want of an efficient and necessarily legal 
method of production or because there was a 
market only for a small fraction of the gas. 


Presently a recovery method was to be found 
which met requirements of both efficiency and 
legality. As a result of research and experimen- 
tation conducted over a considerable period, a 
new operation was introduced which taught the 
feasibility of producing efficiently gas-distillate 
gas wells at high pressure combined with the re- 
turn of the dry gas to the reservoir. One such 
plant, commonly called a recycling plant, went 
into commercial operation in the Agua Dulce 
field in January 1937. 
been referred to as a unitary process for distillate 


It embraced what has 
recovery consisting essentially of four major 
steps: (1) the delivery of gas to the plant at sub- 
stantially well-head pressures; (2) the separation 
of the condensate at high pressure; (3) the com- 
pression of the residue gas, and (4) the reintro- 
duction of the gas through properly located wells 
into the same reservoir, to maintain pressure 
therein for the purpose of preventing liquefac- 
tion by retrograde condensation, and to promote 
the travel of wet gas toward producing wells. 


Cycling, or recycling as it is now commonly 
known, introduced a new phase in petroleum pro- 
duction practice. The method not only provides 


an efficient process for recovery of such liquefiable 
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fractions as are contained in the gas produced, 
but equally important is the fact that only by re- 
turning the gas to maintain substantially virgin 
pressure in the reservoir is it possible to prevent 
liquefaction of substantial quantities of hydro- 
carbons in the reservoir from which they cannot 
be produced. As long as reservoir pressure is 
maintained, these fractions remain in the vapor 
phase until they are taken from the reservoir and 
removed from the gas stream ‘This method of 
production assures maximum ultimate recovery. 
Extraction of the liquefiable fraction at high 
pressure provides high suction pressures to the 
compressors, so increasing their efficiency that the 
ratio of compression of the dry gas to the high 
pressures required to offset reservoir pressures 
has been reduced in typical cases to from five to 
one, or to put it another way, has reduced invest- 
ment requirements for compression by 60 per 
cent. Whereas it was uneconomic to compress 
dry residue gas from plant extraction pressures 
of 30 Ibs. or even 600 Ibs. up to the 3000 Ibs. 
required for cycling in specific instances, com- 
pression from 1,500 or 1,800 lbs. to the same 
within the economic 


pressure generally was 


range. This factor is more easily appreciated 
when it is pointed out that the compression fa- 
cilities represent the largest single element of cost 
in a processing plant. ‘There are situations 
where the gas is extremely rich in liquefiable con- 
tent and where it would have been economic to 
compress the processed gas to the formation even 
from the relatively low pressures at which ex- 
traction plants operated in the days before the 
advent of cycling. Gas containing three and a 
half gallons of condensate could of course ab- 
sorb two or three times the cost of compression 
involved in plants processing gas containing three 


quarters of a gallon or one gallon of condensate 





per thousand cubic feet of gas. Cotton Valley 
was such a field, but quite apart from other con- 
siderations, the operators did not cycle because 
such an operation was not envisaged during the 
immediate years following the discovery of the 
field. 


low pressure, the distillate separated, and the re- 


As a matter of fact, gas was produced at 


It was not 
until 1940 that all of the operators of this field 


came to recognize the importance of cycling dry 


maining gas sold or used as fuel. 


gas back to the reservoir, and completed a plant 
for this purpose in the spring of 1941. However, 
it has been estimated that some 14,000,000 bbl. 
of distillate have been irrecoverably lost by con- 
densation in the reservoir due to diminution in 
pressure below the dew point of those hydro- 
carbons of which the distillate is composed. It is 
this type of loss that cycling is designed to stop 
or greatly diminish, quite apart from the recov 


ery effectuated on the surface. 


The above ground operation of recycling opera- 
tions vary from plant to plant in many respects. 
The plant of Tide Water Associated Oil Com- 
pany and Seaboard Oil Company at Cayuga, 
Texas, operates at a pressure within a few hun- 
dred pounds of the static well-head pressure. 
In this plant the available pressure is maintained 
through the cooling exchange with water, gas 
exchange with the cold dry gas and cooling by 
contact with expanded ammonia gas, after which 
it is reduced to 1,200 Ibs. Here the maximum 


normal and retrograde condensation is effected. 


The circulation of brine in the wet gas stream 
prevents formation of gas hydrates and permits 
temperatures as low as 10 deg. F. In the plant 
of the same companies at Long Lake, substan- 


tially the same operation is employed except that 


Recycling or pressure maintenance plants such as those shown below and on the facing page not 

only contribute to conservation in the production branch of the industry, but also add to the 

supply of refined products in a measure more important than is indicated by the quantitative 
figures. 
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into the separator which has a number of bubble 
trays a narrow cut of distillate is introduced 
above the top tray. In this operation, a pressure 
of 1,500 lbs. was found to show satisfactory re- 
sults. The first recycling plant to go into com- 
that of Process Oil Co., 


cooled the gas by water exchange, but it also in- 


mercial operation, 
troduced into the gas stream a quantity of pre- 
cooled heavy condensate which not only cooled 
the incoming gas, but agglomerated the small 
particles of condensate and acted as an absorbing 
medium for the lighter components of the lique- 
fiable vapors. Pressures upwards of 1,200 Ibs. 
were maintained in the final separators. Later 
plants incorporating essentially this flow have 
operated efficiently at 1,850 Ibs. In a large num- 
ber of plants the gas is cooled by water exchange 
and the pressure dropped in a separator, the 
liquid removed, and the gas treated in an ab- 
sorber at pressures maintained in the separator. 
A portion of the condensate is used as the ab- 
sorbing medium. Plants employing this cycle are 
operating at pressures from a minimum of 1,000 
Ibs. to a maximum of 1,750 Ibs. 


So successful was this new method and so great 
the need therefore that in the intervening period 
of slightly more than three years since the first 
unit was installed, thirty-three complete plants 
have been put into operation and some ten are 
definitely planned or under construction. Already 
nearly 2,000,000,000 cu. ft. of gas is being proc- 
essed daily in these plants and the residue gas 
returned to the reservoirs. This residue gas will 
be available, free of gasoline, as and when the 
need is developed for large volumes of gas to sup- 
ply the ever increasing gargantuan requirements 
for industrial and civilian use in the larger cen- 
ters of population. If the necessity for supplying 
this demand with respect to a given field should 
become imperative before all of the wet gas in 
the reservoir has been processed, very substantial 
irreplacable losses of condensate would occur. 
The greatly increased demand for gas, at this 
writing reported as running at 15 percent above 
1940, particularly occasioned by the accelerated 
demand for power of all kinds in defense indus- 
tries may, and doubtless will, result in new trans- 
portation systems, some going into the remotest 
sections of South Texas. As a matter of fact one 
of the largest projects of this character to be 
projected is in the process of development, and 
as far as can be ascertained, some gas-distillate 
gas reservoirs will be tapped for at least a part 
of the gas requirements. 


Condensate production in point of volume alone 
is not sufficiently comprehensive to be of critical 
importance in the national petroleum supply at 
this time nor is it likely to become so in the im- 
mediate future. However, at present there is 
produced approximately 35,000 bbl. a day in 
plants along the Gulf Coast with some 15,000 
bbl. in sight from proposed plants or facilities 
under construction, and an additional 15,000 bbl. 
daily from a rich distillate field in Kern County, 
California. Production of condensate or distillate 
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not produced in plants, such as that at McKamie, 
Arkansas, is not included. While the volume of 
distillate or condensate production is not of major 
importance, at a time like this the production of 
every barrel of motor fuel which can be pro- 
duced with a minimum taxing of other manu- 
facturing facilities should be encouraged. As will 
be shown herein, distillate as produced in the 
cycling plant, may be converted into merchant- 
able motor fuel without refining if desired, thus 
releasing these facilities or in any event avoiding 
the necessity for expanding them. 


An interesting aspect of recycling is its relation 
to conservation, both direct and indirect. As is 
manifest from what has gone before, recycling is 
conservation par excellence. By recycling, the de- 
sirable liquefiable components of the gas may be 
efficiently recovered at the surface and the gas 
returned to the reservoir with 40 to 50 percent 
of the energy cost required at low pressure. 
Maintenance of pressure in the reservoir by the 
reintroduction of dry gas prevents condensation 
in the reservoir and insures maximum ultimate 
production of the condensables on the surface. 
Timely extraction of condensables will prevent 
the waste thereof if a critical demand develops 
for a fuel supply from a distillate reservoir be- 
fore recycling has been completed. Maintenance 
of near virgin pressure assures saving of gas as 
such for future demand. The maintenance of 
pressure makes possible wide spacing of wells. 
With current stringencies in basic materials of 
all kinds, wells can be spaced even more widely 
than heretofore with no loss resulting therefrom. 
Large areas of gas sands may be drained by 
single wells. Spacings of one well to 160 acres 
up to 640 acres are not at all out of question 
where oil wells are drilled on 1/16 to 1/8 as 
much acreage. Moreover, the volume of conden- 
sate produced from each well can very well be 
from three times to ten times the production of 
an oil well over any sustained period of time 
without detriment to the well or the formation 
Oil wells are in many instances cut back for 
want of a market or to protect the formation 
against rapid dissipation of the gas energy or 
too rapid encroachment of water, either of which 
would permanently affect ultimate production 
from the well. There is a large back-log of pro- 
duction due to proration, as stated, but in the 
past few months there has already been an in- 
crease of nearly 400,000 bbl. per day in output, 
chiefly from opening up some of the wells. It 
goes without saying, however, that while many 
wells can easily produce at a substantially higher 
rate without waste, others can produce more oil 
only at the cost of excessive energy loss. Wells 
over-produced now will mean ultimate loss in 
recovery from the structure. These losses will be 
felt, if not tomorrow, then in the future. But 
the losses will be felt and the future is not too 
distant. Condensate wells, on the other hand, 
are usually produced at very much less than one 
fourth of their open-flow capacity and never be- 
yond that, but until there is a dilution by dry 
gas being returned to the formation, the lique- 














































































































fiable content of the gas, and hence the produc- 


tion from the well remains constant over any 
period of time. The volume of gas taken from 
a well is limited only by two considerations, (A) 
the differential pressures in the reservoir and 
(B) the content of the gas. If too great a vol- 
ume is taken from a well there may be a pressure 
drop in the area around the well bore sufficient 
to cause some drop in content due to retrograde 
condensation. This is seldom experienced because 
wells are generally of large capacity and only a 
fraction of their output is taken to the plant each 
day for extraction of condensate. 


At Cotton Valley alone the engineers of the op- 
erators reported that the recycling plant would 
save the drilling of 64 wells at $125,000, each 
or $10,750,000 and would result in an ultimate 
increase in production in excess of 40 percent. 
On the other hand the Opelika and Katy fields 
in Texas, and Paloma in California doubtless 
have the same factors in savings, but all dis- 
tillate reservoirs have substantial savings in pro- 
portion to these. The importance of recycling in- 
creases in significance when considered in th 
light of the foregoing. But if the supply of dis- 
tillate is not of major importance in point of 
volume, its physical characteristics give it a value 
considerably in excess of its volume. For read) 
reference inspections of four typical distillates 
or condensates from as many fields are set dow 
in Table 1. Note the refined character of all o 
the products regardless of the field from whicl 
they originated. These are natural products af 
ter stabilization only, yet they are sweet, non 
corrosive and sulphur free. 
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TABLE 1 


Characteristics of Typical Condensates 


1. 2. 3. 4. 
TOE sascas 64.1 55.2 83.0 61.7 
Doctor ...... Negative Negative Negative Negative 
CE ccccovee Water White 22 30 20 
Be sicacnes Sweet Sweet Sweet Sweet 
Sulphur, % .. 0.1 0.00 0.0 0.01 
Copper Dish.. Negative Negative Negative Negative 


Degrees Fahrenheit 


Boiling Point deg. F. ... 96 94 66 95 
er 144 166 81 156 
BO POG ccidsicciascvcs 179 192 92 181 
Oe PD sivdcnwasssnas 215 217 106 200 
a nr 248 237 124 220 
We SND Sb budctsbacaee 282 260 145 238 
OP BE atinecadsveses 321 294 170 244 
TO FOS aeicececcivcs 374 336 199 291 
We SNS och tscasecedun 441 400 234 330 
OF BD soitee vavcencis 344 490 293 408 
a ee 606 568 385 498 
Recovery, Percent ...... 94 97 95 96.5 
Residue, Percent ........ 3 1.5 1 1.5 


Loss, Percent 3 1.5 4.0 2.0 


+ 


It is readily apparent that the distillates shown 
contain from 75 to 100 percent of hydrocarbons 
boiling within the motor fuel range. The bal- 
ance, with the exception of a few percent of bot- 
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Details of the elabor- 
ate, high pressure pip- 
ing in a Texas pres- 
sure maintenance 
plant. The products 
from a growing num- 
ber of these plants 
have become increas- 
ingly important as 
blending agents for 
motor fuel. 












































Ulric Meisel 


toms of gas oil in several cases, is kerosene. The 
distillate may, of course, easily be distilled into 
these several products and it is in fact done at a 
number of cycling plants as a part of the recov- 
ery process. Quite apart from the ordinary eco- 
nomics of production costs considered from the 
standpoint of the proprietary operators of cycling 
plants, distillate or condensaate production takes 
on added significance when viewed as part of 
the national motor fuel situation. This is so for 
a number of reasons stemming from the com- 
ponent composition of the product. 


(1) The product is so nearly entirely motor 
fuel that a minimum conversion cost is required 
to make it available as motor fuel or motor fuel 
base stock. (2) No chemical treating is re- 
quired to sweeten the fuel or to make it meet 
severe corrosion tests, thus releasing treating 
chemicals such as caustic, litharge, copper salts, 
etc. for other uses. (3) The freedom of dis- 
tillates from sulphur compounds makes them, like 
natural gasolines, highly responsive to tetraethyl 
lead so that less lead is required to build high 
octane into fuels which use distillate or conden- 
state as part of the base stock, again releasing 
for other uses lead and chlorine which are or- 
dinarily required to refine or improve fuels pro- 
duced from crude oil. To illustrate the high lead 
susceptibility of this type of gasoline sample in- 
spections on several East Texas distillates are 
shown in Table 2. 


(4) Perhaps the most important point in this 
connection is that the transportation of distillate 


by pipeline, tank car or tanker from the Gulf 
Coast to the Eastern Seaboard, or elsewhere for 
that matter, results in a high transport efficiency 
if considered in terms of the effective volume of 
gasoline delivered. Every barrel of distillate is 
the equivalent of one and a half to two barrels 
of crude oil, depending upon the grade of crude 
oil and the degree of refining to which that oil 
is subjected. The transportation of heavy fuels 
as part of crude oil is, of course, not an entire 
loss, but at this particular time emphasis must 
be laid upon motor fuel because substitution 
fuels, in which there is yet no transportation 
bottleneck, can be used for residual fuels at least 
until adequate Gulf Coast-Eastern Seaboard 
transportation facilities are again fully available. 
It is therefore a happy circumstance that distil- 
late production has come at this particular time, 
and that it came at an apposite location readily 


accessible to pipeline and water transport. 


The four small cycling plants operating in 1938 
produced less than 1,000 bbl. of condensate or 
distillate a day. The product was not stabilized 
and was sold as produced to crude oil pipelines 
or processors. No effort was made to extract the 
lighter fraction or to save them. However, be- 
ginning in 1939 most of the existing plants, and 
plants which came into production in that year 
and since, borrowed a leaf from natural gasoline 
manufacturers. They not only added facilities 
to produce stabilized gas-free condensates and 
motor fuels, but in many cases provided process 
equipment to extract and segregate normal and 
isobutane, the latter for the increasing market 
provided by aviation gasoline manufacturers at 
prices which justified expenditures required for 
those facilities. In several of the larger cycling 
plants in excess of 10 percent of the total pro- 
duction is isobutane, nearly 2,000 bbl. per day 


being accounted for by two such plants. 


The suggestion from the Oil Coordinator’s office 
in late September that there be a 200 percent 
increase in the production of aviation gasoline 
of 100 octane, will find recycling and natural 
gasoline plants instantly responsive. For a va- 
riety of sound reasons producers of aviation base 
stocks, even where they are available in rela- 
tively large quantities at one location have not 
entered the ranks of aviation gasoline manu- 
facturers and are apparently satisfied to serve as 
suppliers of those important raw materials. 
Nevertheless, as suppliers they are making im- 
portant contributions to the national effort in 
providing this country with the extraordinary re- 
quirements for aviation and high octane gasolines, 
requirements greatly increased by the Lend-Lease 
operations and by the aid-to-Russia program upon 
which we are embarked. Recycling, along with 
its affiliated industry, natural gasoline, are play- 
ing their parts in the defense effort, quietly but 
effectively as well as contributing to conservation. 


TABLE 2 


A B Cc D 
Vapor Pressure ; 9.4 7.05 8.0 6.5 
Octane No. A.S.T.M. 58.0 55.2 56.6 54.1 
CC Lead to 72 Octane 1.0 1.25 1.14 1.36 
Tests conducted before new Research method was introduced 
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The United States leads the world in production of high octane gasoline at such plants as the Oleum Refinery of the Union Oil Company 
pictured directly above, the Watson Refinery of the Richfield Oil Company shown at the right above, and Gulf’s aviation gasoline plant at 


Port Arthur, shown on the right. 


Research to Meet Motorists Demand for 


L00-OCTANE FUEL 


Trend in Development of Automo- 


tive Engines Indicates that Industry 


Will Soon Be Called Upon to De- 


velop Cheap Motor Fuel of 90 to 


100 Octane. 


Use of the octane scale for rating anti-knock 
qualities of automotive and aviation gasolines 
has now been adopted all over the world. As 
generally understood, the octane number of a 
fuel is measured by comparing its performance 
with that of mixtures of isoctane and normal 
heptane. The use of mixtures of isoctane and 
normal heptane as a scale on which to measure 
anti-knock value was originated in the Ethyl 
Gasoline Company’s laboratories about 1927. 
Prior to that time anti-knock value of all gaso- 
line was measured by preparing mixtures of a 
selected straight run gasoline and benzene, and 
finding what proportion of benzene and the 


standard gasoline gave the same knock as the 
gasoline under test; if it knocked the same as a 
40-60 mixture of the standard, the gasoline was 
said to have a benzene equivalent of 60. The 
present system of isoctane rating did not come 
into standard use until 1931, when committee 
D-2 of the ASTM recommended a standard 
engine known as the C.F.R. engine, together 
with a standard method of testing. 


From about 1938 reports have been published 
on the average octane numbers of con mercial 
motor fuels, and with few exceptions evi ry year 
has witnessed an increase in the anti-knock qua 
ity of the average American gasoline. This may 
be seen from the accompanying table, wherei 
the numbers reported from the earlier years have 
been recalculated from the old benzene equiv: 
lents and reduced to the octane scale now in us¢. 
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GASOLINE OCTANE NUMBERS 1928-41 
Year Octane Number 
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Beginning with the winter of 1936 the Coopera- 
tive Fuel Research Committee and the U. S. 
Bureau of Mines have collaborated in a nation- 


wide study of the properties of American com- 


mercial motor fuels. In this study the data are 
obtained from the analysis of samples taken from 
filling stations all over the country. The samples 
are collected twice a year in order to represent 
the winter and the summer grades. During each 
sampling period about 2,000 samples are col- 
lected, representing the products premium, reg- 
ular and third grade—of more than 100 large 
and small suppliers. The analytical report on 
each sample shows sulphur content, Reid vapor 
(A.S.T.M.), 


and the distillation characteristics. 


pressure, gravity, octane numbet 
Numerous 
laboratories have contributed their services in 
making analyses, which are sent to the Bureau 
of Mines for editing and publication. This series 
of reports has been edited by E. C. Lane from 
the beginning comprising an interesting record. 


With the issuance of the 1941 winter report 
(Bureau of Mines R. 1. 3576) Mr. Lane took 
occasion to make a five year comparison of the 
anti-knock and volatility characteristics of the 
three grades of gasoline sold in the period 1935- 
36 to 1940-41. The results of this comparison 
are shown graphically in the accompanying chart. 
In these curves the premium grade is _repre- 
sented by full lines (P), the regular grade by 
broken lines (R), and the third grade by dotted 
lines (T). As may be seen from the graphs, 
since 1935 the average octane number of the 
winter regular price gasoline (R) has risen 4.8 
ASTM octane units (from 69.6 to 74.4). This 
rise has been more pronounced during the past 
two winters than for the three preceding win 
ters. The average octane rating of the winte: 
premium price grade has risen 3.5 ASTM units 
(from 76.7 to 80.2). A slight decline in the 
average octane rating of this grade occurred in 
the winter of 1939-40, but otherwise the rise in 
the average has been steady. After a slight de 
cline between 1935-36 and 1936-37 the average 
octane number of third grade gasoline rose stead- 
7.5 to 65.6 in the 1940-41 


winter survey. This was a jump of 8.1 points 


ily from a low of 


in the ASTM octane number of this grade dur- 
ing the past four years. The present third grade 
gasoline is now only four octane numbers below 


> 


the regular grade of 1935-36. 


With the rise of octane numbers of these win- 
ter gasolines there has been a change in thei 
distillation characteristics. I-xcept ror a notice- 
able increase of the temperature for the 90 per- 
cent recovered and 50 percent recovered points 
of the premium price grade in 1935-37 there has 
been a fairly consistent drop in the distillation 
temperatures. This obviously means that gaso- 
lines are containing more of the lower boiling 
fractions. During the five-year period the vapor 
pressure of the winter regular grade has not 
varied more than 0.3 Ib. either way from the 
average oft about 10.3; on the other hand the 
vapor pressure of the premium grade has risen 
1.1 Ibs. (from 9.0 to 10.1); the vapor pressure 
of the third grade has risen 1.1 bls., from 7.9 to 
9.0. Examination of the figures representing the 


octane history of the premium grade summer 
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gasolines, in comparison with the winter fuel 
during the five-year period, shows that in every 
year the anti-knock rating of this grade has been 
0.5 ASTM higher than that of the winter pre- 
mium grade, except in 1939, when it was only 
about 0.2 unit higher on the average. The sum- 
mer gasolines of the regular and third grades 
also tend to be somewhat higher in octane rat- 
ing than the corresponding winter fuels. It is 
curious to note that the vapor pressure of both 
summer and winter regular grade is higher than 
that of the premium grade in all years. 


The record thus shows that the average octane 
number of American commercial motor fuels has 
steadily increased since at least as far back as 
1928. Perhaps the main reason for this growth 
into the higher octane regions has been compe- 
tition among refiners to supply the motorists with 
better gasoline than their rivals are furnishing. 
The fact is that a gasoline which knocks too 
much is practically unsalable for ordinary auto- 
mobile service, and hence every refiner has had 
to keep his product up to current octane ratings. 
The necessity which has forced refiners to join 
in the octane race has been and still is responsible 
for a rather fundamental change in refining tech- 
nology. ‘There was a time only a few years ago 
when the octane rating of ordinary cracked or 
straight run gasoline could be boosted by adding 
a little more tetraethyl lead, but as more and 
more refiners improved their processes and made 
greater use of high quality blending materials, it 
became no longer possible to pep up a low grade 
motor fuel by any amount of tetraethyl lead that 
could be regarded as economical. For this reason 
refiners throughout the industry have been forced 
to install equipment for catalytic cracking, fo- 
lymerizing, isomerization, alkylation, hydrofo:m- 
ing, polyforming, or some other process that 
would increase the content of isoparaffins and 
aromatics in their gasolines, which would thus 
acquire a higher octane number in the clear, and 
one that can be boosted still higher by economical 
amounts of tetraethyl lead. This consequence of 
the octane race has required a great amount of 
money to be spent on new refinery apparatus 
merely for the improvement of octane number, 
without enlarging the total refinery capacity. It 
is estimated that United States refineries have 
been spending, on the whole, more than $2,500,- 
000 a month for this purpose alone, besides 
special equipment that is designed for the pro- 
duction of synthetic rubber, military toluene and 
other specialties. 


Since it is very evident that octane numbers have 
been and are on the increase, the question arises 
as to how far they are likely to go; secondary to 
that is the question as to how refiners may keep 
up with the demands of the engine builders. How 
far octane numbers will rise depends in large 
part on the design of future automotive engines. 
If the engine builders improve their designs and 
step up their compression ratios, the refiners will 
be called on to turn out fuel of higher and higher 
octane rating. However, there will be in general, 


no point in furnishing more octanes than the 
engine requires; for instance, if an automobile 
runs well on an 80-octane premium fuel the 
motorist will not gain much by filling his tank 
with the 100-octane number gasoline required 
for an airplane engine. But it is quite within the 
bounds of possibility that in a few years all, or at 
least the higher-priced automobiles will be de- 
signed for 90 or perhaps even 100 octane num- 
ber fuel; provided, that the refiners can supply 
this quality at a price that the average motorist 
will consent to pay for improved performance. 


Assuming that octane numbers continue to climb, 
how is the refiner to stay in the race; or, to what 
extent is the refining industry now in a position 
to push octane number of the regular grade above 
the present 74, and the o.n. of the premium 
grade over the present 80? There is no tech- 
nical reason why all automobile gasolines should 
not at once have much higher average octane 
numbers. It is merely a matter of equipment 
and process and market demand. There are quite 
a number of ways of producing a cracked gaso- 
line with high octane numbers in the clear. To 
mention one example, Houdry cracked gasoline 
from reduced crude is turned out with 76-78 
o.n. in the clear, which can be economically 
stepped up to 92 with tetraethyl lead. To men- 
tion another, hydroformed gasoline from heavy 


naphtha comes out from the reforming process 
with an ASTM rating of 80 octane numbe: 
which is subject to increase by addition of tetra- 
ethyl lead. But under present specifications fo: 
automobile fuel a 92 octane number distillat 
will not be put on the market directly; it 

better used to blend with low grade stuff to pro 
duce the present regular and premium grades 
When and as the market calls for more and 
more octanes, the refiner may do one of two 
things; he will use a larger proportion of his 
high grade products to work off a smaller pr 
portion of low octane stuff, or he will have to 
give his low grade products special treatments so 
that they will need less of the blending material. 


Considering the present resources of the refining 
art there is nothing in sight to prevent the aver- 
age octane rating of automobile gasoline from 
continuing its yearly climb until it reaches about 
90; it is mostly a matter of using easily available 
materials for keeping step with the engine de- 
signers. For carrying the average octane number 
of filling-station gasoline much beyond 90 it ap- 
pears to be necessary to invent new cracking 
processes suitable for mass production at a low 
or at least a reasonable cost, and without the 
necessity of using special blending agents other 
than tetraethyl lead. Even this reservation is 
subject to modification if and when it becomes 


Whiting, Indiana an important center of refinery activities in the middle west: The photo- 
graph shows a reduced crude coking unit engineered by the Lummus Company for Standard 


of Indiana. 
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nossible to make iso-octane, neo-hexane and other 
high class and high-cost blending agents cheaply 
enough. In this respect much may be hoped for 
from catalytic polymer gasolines, some of which 
ive blending octane numbers up to 125, and 
-hich might be used to convert a 45 o.n. straight 
in gasoline to 100 o.n. fuel. Among other 
ospects that loom ahead is a product which has 
en named triptane, and which is said to have 
1 on. of 150; what its blending value is has 
not been made clear. 


Some interest has been aroused in the question 
of what is to be done with the greatly increased 
facilities that are being prepared for the produc- 
tion of 100 octane number aviation gasoline re- 
quired for the military needs of the United 
States and associated nations in the conflict with 
the Axis. How much of this product will be 
called for will depend on contingencies. Military 
experts have estimated that for a full-scale war 
effort the United States will need 9,000,000 bbl. 
of 100 o.n. gasoline annually. This is relatively 
a small quantity, hardly above one percent of all 
motor fuels consumed in the United States in 
1940. Much of the new production of 100 o.n. 
fuel, will be taken off the producers’ hands by 
the government at prices that will amortize the 
equipment in five years. With the installations 
paid for, the refiners might use this high grade 
material in blending to produce the quality of 
fuel required for the improved automobile en- 
gines of the post-war period, and perhaps for a 
possible great expansion of aviation transport. 


At the present moment 23 out of the 460 ‘re- 
fineries of the United States are producing 100 
o.n. aviation gasoline; 10 others are making avi- 
ation fuel of 87 to 92 o.n.; some of the navy 
planes use this grade. The current production 
of 100 o.n. fuel by all refineries is about 40,000 
bbl. a day. It is expected that this will soon be 
raised to 54,000 bbl. when new refining facilities 
now building or planned come into production. 
The present capacity is already more than sufh- 
cient for meeting the current demand; the new 
capacity is being provided in view of possible 
future needs. Lately the military authorities 
have revised their wants drastically upward, espe- 
cially in view of expected British and Russian 
requirements. The only difficulty that could 
stand in the way of an annual production of 
2(),000,000 bbl. a year, or more, is lack of equip- 
ment of which the design and operation is al- 
ready known. The industry requires only time 
necessary for installing the necessary facilities 
nd an assurance that its investment will be 
amortized. The most recent pronouncement of 
the petroleum coordinator contemplates the erec- 
tion of 50 new plants for the production of 100 
octane number gasoline and an unspecified num- 


ber of byproduct plants, the whole estimated to 
cost $150,000,000. 


Charts based on data collected by the Cooperative 

Fuel Research Committee and the U. S. Bureau 

of Mines showing properties of representative 

commercial motor fuels distributed in the United 
States. 
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Refiners To Concentrate On 100 -OCTANE 


By J.C. Morrell & 
Gustav Egloff 


Universal Oil Products Company 


Chicago, MI. 
Processes that Assure U. S. of Con- 
tinued Leadership in Production of 
100-Octane for Aviation Fuel Re- 
viewed—Capacity May Be Trebled 


to Meet Huge War Demand 


Ir is doubtful whether any single commodity 
is as important in determining the outcome of 
the present war as 100 octane aviation gasoline. 
In view of the critical importance of high octane 
aviation fuel in the affairs of the world today a 
review of the technical methods and_ processes 
for the production of this valuable product is 
considered timely and is here undertaken. 


The United States has led the world not only 
in the production of high octane aviation gaso- 
line, but also in the development of processes for 
producing it. It is estimated that the volume of 
100 octane gasoline produced in the United 
States at present is in excess of 40,000 bbl. per 
day, and facilities for producing an additional 
6,000 bbl. per day are in the course of construc- 
tion. The coordinator of the United States oil 
industry 


predicted a shortage of 100 octane 


the producing capacity 
trebled so that the present objective is 120,000 
bbl. per day of 100 octane gasoline. 


gasoline unless were 


The various technical processes for the pro- 
duction of high octane gasoline depend in general 
on the improvement of stocks, e. g., straight-run 
gasoline produced from highly selected crude 
oils to produce a blending stock; fractions of 
cracked naphtha by 
cracking and _hydro- 
or by production of isooctanes and 
either 


Blending stocks such as 


straight-run gasoline or 


hydroforming; catalytic 
genation ; 
products such as alkylates from gases, 
cracked or natural. 
isopentane and neohexane are used to improve 
volatility and tetraethyl lead is added to improve 
the octane number. Aviation gasoline of approxi- 
mately 87 octane may be made up of varying 
percentages of these components and the blend 
may be raised to 100 octane by adding 3 cc. of 
tetraethyl lead. 
blending stock may be derived from highly se- 
as those from the Gulf 
Octane ratings of debut- 


Straight-run gasoline suitable for 


lected crude oils such 
Coast and California. 
anized 300 deg. F. endpoint straight-run gaso- 
line range from 70 to 76. Isopentane is obtained 
by close fractionation of natural gasoline and 
rating of 90. Isooctane aviation 
gasoline stock of 95 octane may be obtained by 


has an octane 


the polymerization of iso and normal butylenes 
to form isooctenes, which are then hydrogenated 
to isooctanes. Gasoline stock is obtained by the 
alkylation process having from 91 to 95 octane, 
as a result of the chemical combination of iso- 
butane and butylenes by the use of sulphuric 
acid as a catalyst. Neohexane of 94 octane rating 
is made from the thermal alkylation of isobutane 
by ethylene under relatively high pressure. Iso- 
butane may be obtained from natural gas, frac- 
tional distillation of natural gasoline, cracking 


COLD ACID 
POLYMERIZING PROCESS 


WATER COOLED 
REACTOR 


UNABSORBED 
Cg FRACTIONS 


= 


RE me 


ACID & ABSORBED 
BUTENES 


BUTANE BUTENE 
CHARGE 


10 





_WATER COOLED 
REACTOR 


UNA BSOR 
MAFRACTIONS 7 


SEPARATOR] | 


FRESH 
CAUSTIC 


RECIRCULATED 
ACID 


of oil and naphtha, and more particularly from 
isomerization of normal butane. Olefins such as 
butylenes are produced by cracking and by 
catalytic dehydrogenation of butanes. The alky- 
lation process is at present the principal one for 
manufacture of blending materials for 100 octane 
aviation gasoline. The key hydrocarbon for alky- 
lation is isobutane and the requirements for this 
must be made up in part by isomerizing normal 
butane. The principal technical processes fo: 
the production of aviation gasoline are described 
in the following article. 


In the production of isooctene from isobutylene 
on a commercial scale the original process em- 
ployed cold sulphuric acid, which was later sup- 
planted by the hot acid process. The cold sul- 
phuric acid polymerization process is shown in 
Fig. 1 and consists of an absorption section and 
a polymerization section. Isobutylene in liquefied 
state is contacted with sulphuric acid with 60 
to 70 percent concentration at temperatures of 
65 to 80 deg. F. 


current flow. 


in two stages and by counter- 
The absorption is an equilibrium 
reaction which depends upon the amount of 
isobutylene absorbed, the acid strength, and 
temperature. Under proper operating conditions 
as much as 90 percent of the isobutylene may be 
absorbed without any appreciable absorption of 
normal butylenes. In view of the fact that the 
hot acid process produces a much larger yield 
of isooctenes from which octanes may be pro- 
duced, it has supplanted the cold acid process. 


The Shell and Standard Oil Development Com- 
panies have a process for producing isooctene 
from the butenes present in cracked gases where- 
in sulphuric acid is employed as a catalyst at ele- 
vated temperatures. In this process both normal 
butene and isobutene react to form isooctene. An 
excess of normal butene is usually present. The 
process is shown in Fig. 2. In carrying out the 
operation of the process, the charge of butane- 
butene fraction and the acid reagent are intro- 
duced into the recycling line of the hydrocarbons 
undergoing treatments. Fresh acid is also added. 
The mixture of recycle stock, fresh acid and bu- 
tane-butene fraction is discharged into a cooler 
and then to a time reactor, in which the polymer 
is produced. The reaction is exothermic, and suf- 
ficient cooling is provided to maintain a tempera- 
ture of about 175 deg. F. In present practice 
acid concentration is about 70 percent for a 10 
to 15 minute time of contact. The mixture of 
hydrocarbons, polymer and acid, leaves the time 
reactor and flows into a separator where most 
The hydro- 
carbon and polymer stream leaving the separator 
is further cooled and passed into a final acd 
separator. The polymer is then debutanized. 
The polymer product is mixed with caustic and 
heated with exhaust steam to neutralize acidic 
substances and to hydrolyze acid sulphates. After 


of the acid is removed by gravity. 
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the removal of caustic soda, the product is passed 
to a second debutanizer, after which the dimers 

e separated from the heavier polymers and 
delivered to storage. The polymer product 
tormed is stated to be about 90 to 95 percent 
octanes, which upon hydrogenation have an 
o-tane value of about 95. The yield of octenes is 

d to be equal to twice the isobutene content 
of the feed stock when there is more normal 
butene than isobutene present in the original 
stock, which is usually the case. 


Polymerization of olefinic hydrocarbons is one 
oi the most important industrial catalytic re- 
actions. In one of its aspects it is used to produce 
motor fuels and is referred to as non-selective 
polymerization when mixtures of olefins are 
employed; for example those contained in 
cracked gases. When normal and isobutenes are 
employed as charging stock the process is re- 
ferred to as selective polymerization. The Ipatieft 
catalytic process employing solid phosphoric acid 
catalyst is widely used for the production of 
high octane polymer gasoline and isooctane, the 
latter being the product of selective polymeriza- 
tion followed by hydrogenation. Selective poly- 
merization employs temperatures of approxi- 
mately 300 deg. F. and 700 Ibs. per sq. in. 
pressure, the temperature being somewhat lower 
and the pressure higher than in non-selective poly- 
merization. The isooctenes have an octane rat- 
ing of 84 and on blending, a value in excess 
of 150. The isooctanes produced by hydrogena- 
tion have octane ratings of from 95 to 98 and 
individual octanes have values in excess of 100. 
Isooctane gasoline is of extreme importance in 
aviation, both for commercial and _ military 
planes. The isooctanes are blended with lower- 
boiling petroleum fractions for starting, and a 
small amount of ethyl fluid to raise the octane 
value to 100. An improvement in power out- 
put of 30 percent is shown with 100 octane fuel 
compared with 87 octane. The saving in pay 
load for large commercial air transports may be 
several thousand dollars. Millions of barrels of 
isooctane are produced currently per year with 
ever increasing amounts for the needs of military 
aviation. In the operation of the process the 
charge is heated to the required temperature, 
then passed through the tubes filled with the 
solid phosphoric acid catalyst, where the poly- 
merization reaction occurs. The polymer prod- 
uct leaving the last catalyst vessel is cooled and 
harged directly into the stabilizer. The isooc- 
tenes are hydrogenated to produce isooctanes. 
‘Towever where it is desired to use butanes as 

* materials they must be dehydrogenated first, 
then polymerized and hydrogenated in accord- 
ance with the process described in the following 
paragraph and illustrated on the following page. 


The dehydrogenation-polymerization-hydrogena- 
tion process for the production of isooctane is 
illustrated by flow diagram, Fig. 3. This process 
is also applicable to the production of aviation 
fuel from mixtures of iso and normal butanes. 
Fig. + is a flow diagram of the dehydrogenation 
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step and Figs. 5 and 6, respectively, represent one 
stage of catalytic polymerization and the hydro- 
genation step. Charging stock consists essentially 
of butanes. The proportion of isobutane to 
n-butane varies from 15 to more than 75 percent. 
Octane rating of the hydrogenated polymer in- 
creases with the increase of isobutane in the 
charge. Butanes are supplied at relatively low 
pressure to the preheater of the dehydrogenation 
unit, from which it emerges at approximately 
1075 deg. F. and is directed to the dehydro- 
genation catalyst zone. The catalyst is of 
chromium oxide on alumina and is contained in 
vertical tubes externally heated by hot com- 
bustion gases. The butane passes through the 
catalyst at a high space velocity, and approxi- 
mately 25 percent of the charge is dehydro- 
genated. Gases leave the catalyst tubes at a 
pressure only slightly above atmospheric and at 
a temperature of approximately 1130 deg. F. 
The butane-butene mixture and hydrogen from 
the dehydrogenation system are cooled and com- 
pressed to approximately 100 to 200 Ibs. per sq. 
in. and then are passed to an absorber, where 
the hydrogen is separated. A stripper is pro- 





vided for removing the butane-butene mixture 
from the absorption oil, which is cooled and 
returned to the absorber. 


The butane-butene product is pumped at high 
pressure to the polymerization unit of the process 
employing the solid U.O.P. phosphoric acid 
catalyst. The temperature employed here is 250- 
350 deg. F. and the pressure 750 to 1,500 Ibs. 
per sq. in. Temperature is controlled by vapor- 
izing water under pressure in a jacket or shell 
around the reactor tubes. At higher tempera- 
tures a greater proportion of the normal butenes 
is polymerized, but a hydrogenated product of 
lower octane number is produced. The tempera- 
ture, therefore, is determined by the octane 
number of the product desired. Steam produced 
in the reactor jackets, because of the exother- 
micity of the reaction, is used to preheat the 
feed. The polymer is debutanized, distilled, and 
catalytically hydrogenated to end-point aviation 
gasoline at approximately 97 octane number. 
Only about 10 percent bottoms (heavy polymers 
such as trimers) are recovered as a residue. 


The unreacted normal butenes from the debut- 
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anizer are led to a secondary polymerization 
stage, generally operated at higher temperature 
(i. e. 480 deg. F.) than in the selective poly- 
merization section. Temperature control is simi- 
lar to that in the selective polymerization opera- 
tion. The polymer product of the normal butene 
polymerizing step passes through the stabilizer 
where separated from 


liquid polymers are 


butanes. Butanes are returned to the dehydro- 


genating step of the process. The polymer 
formed in the normal-butene polymerizing step 
when rerun and hydrogenated yields a product 
of approximately 85 octane number. The hydro- 
genation unit is operated alternately on the selec- 
tive polymer and the residual butene polymer. A 
nickel catalyst is employed for hydrogenation. 
The hydrogen reproduced by dehydrogenation 
of the butanes is twice that required for hydro- 
genation of the polymer products. The rerun 
polymer and the hydrogen gas are supplied at a 
pressure of 150 to 200 Ibs. per sq. in. to the 
hydrogenation tubes. As the 
catalyst is sensitive to sulphur compounds, it is 
preferable to desulfurize the butane before dehy- 
drogenation. If the butane is not desulfurized, 


reactor nickel 


polymer supplied to the dehydrogenating step is 
first passed through a guard reactor, which is 
filled with spent hydrogenation catalyst for re- 
moving sulphur compound impurities, and then 
is passed through two reactors in series, being 
hydrogenated by the gas in countercurrent flow. 
As hydrogenation is also an exothermic reaction, 
essentially the same method of temperature con- 
trol is used as in the phosphoric acid polymeriza- 
tion process. The temperature is maintained at 
approximately 350 deg. F., and the outlet 
pressure sufficient to depress the vaporization 
of excessive amounts of isooctane in the spent 
gas. The hydrogenated product from the selective 
polymerization step consists essentially of isooc- 


tanes with minor quantities of other products. 
The isooctenes produced may be converted into 


isooctanes by the U.O.P. low-pressure hydro- 
genation process at inlet pressures of from 75 lbs. 
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upward and temperatures of 320-350 deg. F. in 
the presence of a nickel catalyst. The hydro- 
genation reaction is also exothermic; hence the 
unit is similar in design to the selective poly- 
merization unit in respect to close temperature 
control by means of a water jacket around the 
reactor. A flow chart of the low-pressure hydro- 
genation unit is shown in Fig. 6. The isooctanes 
as produced are not aviation gasoline as such. 
They must be blended with aviation stock, such 
as special straight-run or natural gasoline, and 
isopentane for volatility. The usual procedure 
for preparing 100 octane aircraft fuel is to blend 
commercial isooctane with aviation straight-run 
gasoline and isopentane, and add 3 cc. of tetra- 
ethyl lead per gallon. The isopentane is used to 
supply the front-end volatility which isooctane 
lacks. The amount of isopentane incorporated 
in the finished blend is usually 10-15 percent, 
depending upon its availability and also on the 
vapor pressures of the base fuel. 
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One of the important commercial methods for 
the production of high-octane aviation fuel is 
the alkylation process employing sulphuric acid 
as a catalyst. This process has been discussed in 
a paper by Anglo-Iranian, Humble and Shell at 
the 1939 annual meeting of the A.P.I.; also in 
Monnell’s U. S. Patent No. 2,169,809 of Au- 
gust 15, 1939. The reaction involved in this 
process is the direct addition of an olefin, for 
example, butene, to isobutane to form isoparaftins, 
This is readily accomplished by contacting the 
olefin with a large excess of isoparaffin in the 
presence of a relatively large amount of sulphuric 
acid at an approximate temperature range e- 
tween 30 and 85 deg. F. employing sulphuric 
acid concentrations of approximately 90 to 100 
percent. Aviation fuels with octane ratings of 
92-94, and in some cases higher, may be made 
by the use of this process; and, with the devel- 
opment of isomerizing processes to augment the 
volume’ of isobutane available by the treatment 
of normal butane, the potential yields of isooc- 
tanes by alkylation from the average refinery is 
greater than by the method of 
namely, by the two-stage 


alternative 
making isooctanes, 
process of olefin polymerization followed by hy- 
drogenation. The alkylation process fits in well 
with many refinery operations, and the ma- 
terials of construction and type of operation re- 
quired are simple and in line with ordinary re- 
finery operations. To prevent the absorption 
step from proceeding to the point where the 
acid becomes useless, it has been found necessary 
to have a large excess of the isoparaffins. 

In continuous operation the suppression of 
olefin absorption is brought about first by dilut- 
ing the olefin feed with isoparafins and then 
adding this mixture to an emulsion of acid and 
reacted hydrocarbon which is rich in isoparaffins 
and substantially olefin-free. In commercial 
plants mixing is performed by the use of a cir- 
culating pump and intimate contact is main- 
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tained by the velocity of flow through baffles or 
jets. A simplified flow diagram of a commercial 
plant is shown in Fig. 7. The acid is withdrawn 
at approximately 90 percent concentration since 
there is a drop in acidity from approximately 98 
to 90 percent or lower, due to absorption of 
hy lrocarbons in the reaction, although other 
rections may be contributing factors. The spent 
acid withdrawn is replaced by fresh acid, thus 
meintaining the efficiency of the operation. The 
quentity added is affected both by the composi- 
tion of the feed stocks and by operating condi- 
tions. From one viewpoint, acid is not consumed 
but is diluted by the hydrocarbon, and a major 
part of the acid can be recovered by ordinary 
reconcentration methods, or it may be used for 
acid-treating various products of the refinery. 
Isobutane is the isoparaffin used in the process, 
since isopentane and isohexane are in themselves 
valuable components of gasoline. The charging 
stocks to be converted are preferably treated 
with a caustic wash to remove hydrogen sulfide 
and possibly other impurities. Amines may be 
removed by water washing. The operating 
variables are isoparafhin-olefin ratio, contact time, 
acid strength, temperature, acid-hydrocarbon 
ratio, olefin concentration of the feed and de- 
gree of agitation. These variables are interde- 
pendent. The isoparaffin-olefin ratio has a marked 
influence on the life of the acid and on the yield 
and quality of the product. The higher the 
ratio the better the results. Usually a 5:1 initial 
ratio is chosen as the preferred operation with 
isobutane and butenes. This ratio is, of course, 
very much higher in the mixture actually under- 
going reaction. These high ratios are obtained 
by blending olefin and isobutane and by recycling 
the unreacted isobutane. Although the ratio of 
isobutane to olefin is high, the actual reaction of 
isobutane is theoretical. As pointed out pre- 
viously, the isomerization process for the con- 
version of normal butane to isobutane will, no 
doubt, be a determining factor in the widespread 
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use of this process. The contact time is usually 
expressed by the ratio of the volume of hydro- 
carbons in the reaction zone to the volume of 
hydrocarbon feed per unit of time. Contact times 
of 5 to 50 minutes have been considered. The 
make-up acid strength varies between 96 and 
100 percent. There is considerable difference 
between the actual strength in the reactor and 
the make-up acid due to accumulation of hydro- 
carbons and some water, which may be present. 
The usual acid strength in the reactor has a 
titratable acid from 80 to 90 percent, but this 
is different from the acid which is diluted with 
water to this extent owing to the character of the 
acid derivatives with which the acid is diluted. 
Therefore, the true acid strength may be some- 
where between 90 and 98 percent. 


When temperatures much above 70 deg. F. 
are employed, increasing oxidation of the hydro- 
carbons results. Therefore, lower temperatures 
favor increased catalyst life and better yields of 
the desired products. Temperatures between 30 
and 50 deg. F. have been found satisfactory. 
The volume of acid to hydrocarbon is usually 
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about 1:1, but ratios as high as 2:1 have been 
used with good results. Various types of mix- 
ing devices have been found satisfactory, e.g., 
agitation by pump and recycling through a sys- 
tem of jets or baffles gives a simple and good 
method of carrying out the operation. The 
products yielded by the alkylation process are 
highly suitable as aviation fuel because of their 
high octane number, high lead susceptibility, low 
sulphur content, and other desirable motor re- 
quirements. When isobutane and butenes are 
used, the product boils almost entirely in the 
gasoline boiling range with from 80 to 90 per- 
cent below 300 deg. F. The product is free from 
gum and no substantial change occurs on pro- 


longed exposure to sunlight and air. 


The isomerization process has advanced to the 
stage of commercial operation, particularly unde: 
the impetus of the requirements of isobutane for 
the alkylation process. Fig. 8 is a flow diagram 
of the process. Normal butane is converted in 
the presence of a catalyst to isobutane in the 
following manner. Normal butane in vaporous 
condition and at a relatively moderate tempera- 
ture is passed through a granular bed of catalyst, 
the principal component of which is aluminum 
chloride. Dry hydrogen chloride gas is intro- 
duced with the butane vapors for the purpose of 
activating the catalyst and in assisting in the 
reaction. Converted and unconverted butanes 
and hydrogen chloride vapors discharged from 
the catalytic zone are condensed. This permits 
recovery of hydrogen chloride as well as the 
products of treatment by means of a stripping 
tower to which the condensed materials are sup- 
plied. The stripping column has a reboiler at 
its base and a refrigerator condenser at the top 
to provide reflux. The charge containing normal 
butane is dried before treatment with the catalyst 
and the flow may be divided into several catalyst 
chambers and recombined later. Butanes free 
from hydrogen chloride flow from the base of 
the column and hydrogen chloride is recovered 
from the top. The butanes may be recycled to 


catalyst chambers or sent directly to the receiver. 


The purpose of the hydroforming process is to 


increase the octane number of gasoline from 
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straight-run as well as cracked naphthas by the 
use of a catalyst and in general, the type of 
chemical reaction which occurs is referred to as 
aromatization. Generally the product gas is re- 
circulated in order to increase the concentration 
of hydrogen in the reaction zone. The reac.ion 
is also accompanied by desulfurization of high 
sulphur charging stocks. In addition to the pro- 
duction of high octane naphthas suitable for 
blending to make aviation motor fuels, toluene 
and other aromatic hydrocarbons may be pro- 
duced and separated if desired. One commercial 
plant of 75-100 bbl. per day capacity, operated 
on 40-45 octane heavy naphtha, produces an 80 
In the 


operation of the process, illustrated in Fig. 9, the 


percent yield of an 80 octane gasoline. 


charge is passed through a heat exchange system 
and then through a heated coil generally above 
atmospheric pressure. The heated charge is com- 
bined with recycled and reheated gas from the 
gas separator and the heated mixture is intro- 
duced into the catalytic reaction zone where con- 
version takes place to form high octane gasoline, 
gas and some heavy polymer. A portion of the 
gas is recycled and the remainder is sent to the 
absorber. The gasoline and heavy polymer prod- 
uct are charged to a stabilizer, the overhead 
from which is the high hydrogen gas product. 
The gasoline may be fractionated into two frac- 
tions, the lighter cut comprising an aviation frac- 
tion. When deposition of carbon on the catalyst 
makes it necessary to regenerate the catalyst 
the material undergoing treatment is switched 
to another chamber and the catalyst is reacti- 
vated in a relatively short time. 

One of the most important developments in 
catalysis as applied to the petroleum industry is 
the catalytic cracking process to improve the 
quality of gasoline produced from heavier oils. 
Yields of 85 percent of gasoline of 81 octane 
have been obtained from Mid-continent gas oil 
by the U.O.P. process. This yield and quality 
is based upon a recycle operation, but the extent 
of recycling is well within commercial practices 
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on thermal cracking units. This yield also in- 
cludes the yield from catalytic polymerizing of 
cracked gases, 95 percent of which may be poly- 
merized as they leave the catalytic cracking 
plant. The balance of the charging stock is ac- 
counted for by six percent residue oil of 25 
gravity and about nine percent unpolymerizable 
gas and loss. The 85 percent gasoline fraction 
contains monoolefins and is stable with respect 
to color and octane value and has about 10 Ibs. 
vapor pressure. As an alternate operation the 
unit may be run to produce up to five percent 
isooctenes on a single-pass basis, or 12.5 percent 
in a recycling operation. The isooc:ene fraction 
may be hydrogenated to isooctane gasoline. If 
the latter is recovered by hydrogenation of isooc- 
tenes as an aviation gasoline, the balance of the 
motor fuel production of about 73 percent by 
volume will be about 81 octane number. 


The 
catalyst reactor, and automatic controls for alter- 
nating the flow of oil through the furnace and 


plant consists essentially of a_ heater, 


reactors, and another section is utilized for re- 


activating the catalyst. The cycle is about 40 


ISOMERIZATION PROCESS 
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HCL STRIPPING 


ISO & NORMAL BUTANES 
(TO CAUSTIC TREATMENT 
& ALKYLATION UNIT) 


minutes in duration. The results mentioned 
above were obtained with gas oil, but it should 
not be understood that operation of the unit is 
limited to gas oils nor necessarily to overhead 
stocks. In fact, twenty types of charging oils 
have been investigated for the purpose of select- 
ing the most practicable catalyst, and the range 
Kettleman 
Hills, California, residuum to Pennsylvania gas 
oil. Highly paraffinic overhead distillates are 
favored. 


of stocks tested has extended from 


By alternating the operating and re- 
generation cycles, long operating periods may be 
obtained. The catalyst used is of the alumina- 
silica type and appears to be exceptionally rugged. 
Revivification of the catalyst is accomplished by 
burning off the carbonaceous material which 
collects on the catalyst, and this in turn necessi- 
tates only passing a predetermined amount of 
air, or mixtures thereof with combustion gases, 
through the tube and maintaining a moderate 
temperature of combustion. The oxidation re- 


action progresses through the reactors under 


automatically controlled conditions. Prior to 
burning the carbon from the reactors, they are 
purged of oil vapors for a period of about 30 


Other 


processes, such as those involving stationary beds 


seconds. types of catalytic cracking 
and finely divided catalysts (the flow type of 


catalytic process) have been developed. 


In the Houdry operation for the catalytic con- 
version of heavier oils into motor fuels, a 45 
percent vield of high-octane gasoline in one pass 
is obtained. The catalyst employed is stated to 
The 


operation employs two catalyst chambers used 


be an activated hydrosilicate of alumina. 


alternately for producing gasoline and regenera- 
tion, to permit continuous production. The flow 
diagram, shown in Fig. 10, illustrates the proce 


p 


as operated on crude oil with a single pass 
through the catalyst, the dotted lines indicating 
the flow when it is desired to run on a “no 
residuum operation.” The oil is pumped through 
heat exchangers, where it is preheated with t 
product from the catalyst chambers, and then 
a flash tower where the straight-run products a 
The residue from the flash tower 
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pumped through a heater, where it is raised to 
approximately 880 deg. F., and from there into 
a vaporizer. The bottoms are removed as a 
liquid and the vaporized fraction of the charge 
is passed to the catalyst chambers. The vapors 
from the catalyst chambers are heat-exchanged 
with the crude oil and then passed into the final 
fractionating tower in which gasoline, furnace 
oil, and heavy gas oil are separated and with- 
drawn. The heavier oils may be recycled to the 
system. When distillates are used as charge, the 
flash tower and vaporizer may be eliminated. 
The yield of gasoline from this operation is 
about 45 percent per pass, based on the charge 
to the catalyst, having an octane number of from 
77 to 81, with blending values of from four 
to 10 points higher than the actual octane num- 
ber. The catalyst has a long life and may be 
readily regenerated. A number of commercial 
units have been installed. 


As shown previously, isooctanes as produced 
are not aviation gasoline as such. Ordinary com- 
mercial isooctane is blended with aviation 
straight-run gasoline and isopentane, to which 
blend is added tetraethyl lead. The isopentane 
supplies volatility. Laboratory inspection data 
for various blends show that a commercial 100 
octane (Army method) seven pound vapor pres- 
sure blend could consist of 40 percent of 95 
octane isooctane, +5 per cent of 74 octane avia- 
tion straight-run, and 15 percent of 90 octane 
isopentane. To produce a similar blend to equal 
100 octane by the motor method, part of the 
straight-run would have to be replaced with iso- 
octane, for example, 45 percent of isooctane, 40 
percent of straight-run, and 15 percent of iso- 
pentane. The following interesting comparison 
of critical properties of 100 octane vs. 87 octane 
gasoline in airplane performance, using a recon- 
naissance bomber, is taken from the Institution 
of automotive Engineers, Australia, The Mod- 
ern Engineer, July 20, 1941. 


The amount of aviation gasoline thus available 
based on the raw materials needed, even allowing 
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HYDROFORMED 
GASOLINE 
(To STORAGE) 


RECEIVER & 
~. GAS SEPARATOR 


BOTTOMS TO 
COOLING & 
STORAGE 


Aircraft 87 Octane 100 Octane 
Max. speed at 2,750 rpm 236 mph 260 mph 
Altitude for max. speed 15,700 ft. 17,300 ft. 


Rate of climb at sea level 1,490 ft./min. 2,180 ft./min. 


” ” ” ” 6,500 ft. 1,630 ” ” 2,360 ” ” 
ee killa a | 
Time of climb to 6,500 ft. 4.2 min. 2.9 min. 
ws - - ” 26,000 ft. 19.4 ” 12.2 ” 
Engine 
Maximum output 830 hp 1,050 hp 
Maximum power height 14,450 ft. 15,580 ft. 


The military advantage of 1(€0 octane gasoline is obvious. 


for their diversion for many other uses when 
employing one Or more of the above processes, 
for example isomerization of normal butane and 
alkylation of the resulting isobutane with bu- 
tenes to produce alkylate, will be ample for 
present or future needs of 100 octane aviation 


fuel during the wartime emergency. 


LT. GASOLINE 


PRIMARY FLASH A 
FRACTIONATING TOWER 


5° GA. 


CATALYST 
CASES 


FLASHED 


RESIOVE 


375 GA, 550°F. 


VAPORIZER_ 
20° GA. 


aso? F. 


CATALYTIC 
VAPORIZER 


FIGURE 10 -GENERAL FLOW DIAGRAM OF COMBINATION 














cg ee . 2 re 


Non-selective U. OJ P. 
unit charging 200,000 cu, ft. of cracked gas per 


catalytic polymerization 
day. 
GASOLINE -GAS 
SYNTHETIC CRUDE 


FRACTIONATING 
TOWER 10° GA 


FURNACE 


CHARGE 
178” GA. 


CRUDE-TOPPING ANDO CATALYTIC CRACKING PROCESS. 


15 











Six Menths Operation of North 


Tenawanda Reforming Unit Con- 
firms Technical Soundness of New 


T.V.P. Process 


Wirrww the past few years some notable 
contributions have been made to the art of pro- 
ducing high quality motor fuels by catalytic 
cracking and other highly specialized processes. 
This is all to the good, but it will be unfor- 
tunate if the progress made in catalysis should 
spread a feeling that thermal cracking has en- 
tered a stage of obsolescence, or that thermal 
cracking has been found incapable of further 
improvement. It is still a fact that most of the 
high octane fuels produced in this country are 
the product of thermal processes, and it is also 
a fact that a large number of the 426 petroleum 
refineries of the United States find it incon- 
venient to make the large investment required 
for a catalytic process, which means that not 
every refiner could use catalysis even if he wanted 
to, nor would it be desirable to do so. 


A recent development which gives point to the 
statement that thermal cracking is not obsolescent 
is the first commercial installation of the new 
true vapor phase process (TVP), which has 
started a career of evident usefulness in the 
North Tonawanda refinery of the Frontier Fuel 
Oil Corporation of Buffalo, N. Y., where it is 
offering a solution to the problem of obtaining 
a high octane product at low investment and 
operating cost. The process is licensed by the 
Petroleum Conversion Corporation. As installed 
at the North Tonawanda refinery, the new TVP 
process may be broadly described as a combina- 
tion of vapor phase thermal cracking with simul- 
taneous gas pyrolysis. Heretofore, vapor phase 
cracking, in general, has been regarded as sub- 
ject to certain disadvantages, among which has 
been reckoned the formation of large amounts 
of gas; mainly for that reason it has not in all 
cases been able to compete successfully with other 
types of thermal cracking. In the TVP process 
this disadvantage of excessive gas formation is 
avoided to a large extent by delivering heat to 
the vaporized cracking stock by means of a re- 
circulated, highly heated gas stream. After six 
months of operation there has been accumulated 
a background of commercial data that confirms 
the technical soundness of this process and the 
equipment designed for its commercial applica- 
tion. As this installation represents the TVP in 
its most advanced stage of commercial employ- 






16 


ment it will be of interest to give it a brief de- 
scription in connection with the accompanying 
simplified flow sheet. Average yield and oper- 
ating data over a typical 30 day run are given 
in Table 2 and the utilities in Table 3. 


The cold charge, which usually is heavy naphtha, 
is pumped to the top of an absorbing column op- 
erating at 150--200 Ibs. gauge, through which it 
descends counter-currently against rich gases 
from a reflux accumulator beyond the scrubber- 
fractionator. The unabsorbed portion of this gas 
passes out of the system at the top of the ab- 
sorber as product; the bottoms from the absorber, 
now enriched with C; and C, fractions, is 
boosted by the rich oil pump through heat ex- 
changers (not shown), and through the convec- 
tion bank and one side of a double-end Alcorn 
furnace. Here the heavy naphtha is vaporized 
and the vapors are superheated to approximately 
1030 deg. F. Meanwhile, the cycle gas, con- 
taining C, and C, fractions from the gasoline 
stabilizer at the far end of the unit, is passing 
through the gas pyrolysis coil at the other side 
of the double-end Alcorn furnace, where it ac- 
quired a temperature of about 1250 deg. F. On 
issuing from their respective sides of the furnace 
the superheated vapors and the cycle gas are 
mixed in a five-inch transfer lime; this mixing is 
in proportions that give a temperature of about 
1070 deg. The transfer line delivers the mix- 
ture, still at 150-200 Ibs. pressure, to the re- 
action chamber (or soaker) which is an upright, 
internally insulated welded steel vessel. The 
transfer line ends as an open pipe inside and 
near the top of the chamber; the vapors pass 
down and out into the scrubber - fractionator. 
Time of passage through the reaction chamber 
is two minutes and at the exit from the chamber 
the temperature has dropped to about 1000 deg. 
F. The processes that go on within the reaction 
chamber are undoubtedly very complex and in- 
clude thermal cracking in the sense of splitting 
large oil molecules into small ones, with accom- 
panying polymerization, isomerization, dehydro- 
genation and hydrogenation, and alkylation; in 
the latter phase a portion of the C, and C, frac- 
tions that were introduced with the rich sta- 
bilizer gases are fixed and retained in the final 
product thus saving desirable values. 


Near the bottom of the scrubber the vapors are 
quenched to about 750 deg. F. by cooled fuel oil 
recycled from the fuel oil bottoms. The scrub- 
ber also furnishes another closed cycle (not 
shown) for preheating the cycle gas and for re- 
boiling the gasoline in the stabilizer. In another 
cycle part of the liquid product of the reflux ac- 
cumulator is returned to the top of the frac- 
tionator for temperature (end point) control. 
The overhead from the fractionator leaves at a 
temperature of about 375 deg. F. On its way to 
the reflux accumulator it receives an injection of 


uncondensed gases trom the topping stills. “hese 
gases contain values which ordinarily are lost by 
a topping plant. These values amount to 1 to 3 
percent of the due yield of straight run gasoline 
(depending on the supply and temperature of 
the condenser water). The recovery of these val- 
ues and the pyrolysis of the C,’s and C,’s con- 
tained therein is an important factor in the econ- 
omy of the North Tonawanda TVP unit. Far- 
ther along on the way from the fractionator the 
stream receives an addition of light naphtha for 
blending purposes. The rest of the unit is a 
stabilizer which delivers 
stabilized gasoline and an overhead stream of 
rich gas, which goes back through the cycle-gas 
side of the double-end furnace, traverses the re- 
action chamber-fractionator circuit, and is finally 
discharged from the absorption tower with not 
more than 13 percent of Cs and heavier gases, 
nine-tenths of which is C;. Analyses of the en- 
tering materials and of the products from the re- 
former are given in the accompanying Table 1. 


conventional system 


The North Tonawanda TVP reforming unit 
was built by the Alcorn Combustion Company 
in five months from signing of the contract to 
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the first day of operation. The designed capacity 
was for handling 1,200 bbl. of heavy and 400 
bbl. of light naphtha a day, but in regular oper- 
aton has since reached 1,400 and 800 bbl. re- 
spectively. The initial run was 38.5 days; op- 
er.tions were then interrupted in order to tie 
in an additional tower to the topping still. Dur- 
ing this and succeeding runs the unit has func- 
tioned smoothly and the performance has ex- 
ceeded specifications. The plant was contracted 
under a guarantee to effect a 90 percent conver- 
sion into a gasoline with a maximum Reid vapor 
pressure of nine, a maximum end-point of 410 
deg. F., and a minimum octane number of 73.8 
(39 R). The actual conversion was more than 
9| (net vield of treated product figured back 
to total naphtha feed, the Reid Vapor Pressure 
was 9.3 Ibs., the end-point was 401 deg. F., and 
the octane number was 75.0, which could be 
raised 7.5 points by 1 cc. of tetraethyl lead. The 
total cost of the plant is given as approximately 
$100 per bbl. of heavy naphtha reforming capa- 
city. The installation is operated by one man 
per shift. No operating difficulties have arisen. 
In particular, coking troubles that affected the 
process in the earlier stages of its development 
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have been overcome by the well studied tech- 
nological control applied to the time-temperature 
relationships in the reaction. 


Besides the operations at North Tonawanda a 
variety of data are available from operations of 
a semi-commercial TVP unit. As an illustration 
of the extent of this work some of these data 
are shown in Table 4. In these experiments a 
full range gas distillate from gas recycling op- 
erations on the Gulf Coast was pre-distilled to 
give 50 percent light naphtha, which was charged 
without vapor loss into the stabilizer of the re- 
The 50 percent heavy naphtha 
was charged by way of the absorber to the re- 
It will be observed that the 
liquid volume yield of gasoline from the added 
gasses is in excess of 50 percent. 


forming unit. 
forming heater. 


Considering 
the endpoint of the whole distillate the yield, 
even without the added gases, is worthy of note. 
Attention may be called to the lead susceptibility 
of the produced gasoline. Additional work has 
been done on reforming simultaneously with py- 
rolysis of the C; fraction, in which liquid volume 
vields of 25 percent of 100 octane gasoline are 
said to have been obtained. 








The TVP process at North Tonawanda is at 
present confined to the reforming of naphthas 
and other vaporizable petroleum products, but a 
form of the new TVP process for application to 
a reduced crude has been worked out by the 
Petroleum Conversion Corporation in its semi- 


commercial plant at Bayway, N. J., and is said 
to be ready for commercial use. As may be seen 
from the simplified flow sheet the new TVP 
cracking system differs from the TVP reform- 
ing system chiefly by the inclusion of a vaporiz- 
ing furnace for the reduced crude. The charge 
first passes the absorbing tower counter-currently 
against the rich gases from the reflux accumula- 
tor behind the scrubber-fractionator. It then 
passes through the vaporizing furnace and enters 
a flash drum. The vapors from this drum pass 
through one side of a double-end superheater, 
and are then mixed with heated cycle-gas from 
the gasoline stabilizer accumulator that has passed 
through the convection bank and the other side 
of the same furnace. The mixture of vapor and 
gas goes through the reaction chamber and scrub- 
ber-fractionator in much the same manner as in 
the naphtha reforming unit. As this new system 
has not yet been commercialized, no full-scale 


Frontier Fuel Oil 
Corporation’s refin- 





t ery operating on the 
+) True Vapor Phase 
system at North Ton- 
awanda, N. Y. has 
been on stream long 
enough to furnish 
six month’s data as 
to yields and costs. 
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TABLE I 
Laboratory Inspections on Charge and Products 


The rest is simple welded steel equipment that 
can be put together by any shop that is equipped 
to roll 14” to 34” steel plate. In view of the 








CHARGE PRODUCTS present and possible future demand for petroleum 
Heavy Light Crude Treated Product by-products created by national defense require- 
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RE gta hes saa vee Se usc ax ou ean heRRGas Cakes 257 116 i 180 the heating method in TVP, wherein highly 
ED idan dadet deh eadenddbeduasasdudatetdebewadanias 281 135 jase 220 heated gases are mixed, permits almost instan- 
90 oie ae eee ea kena pend aka Ga dammnaen aa 3 4 nse 360 _ ‘ 
FBP. Des.F = 220 eee 401 taneous temperature increase to the desired re- 
Gum, Cu. Dish, Mg./100 c.c - 3 action temperature, the process lends itself well 
i i  ovcuus peadsrndsvdes vane eden denseenes ae owe ion 300 to the establishing of the extremely high temper- 
ARE ARIES BEE Ee Ree ae AS ae 27 , ‘ . 
nee ag ee os one ature-short time reaction essential to the produc- 
III 5 oo 65 d5sdnswdsepeciandtcceosesedsoene ae =< _ 9.3 i te tion of butadiene thermally from oils. As an 
9 ghee — so i Co eee erressecvereceeeseeesscoos eee eo coe see se ® _ example, 38.9 deg. API Pennsylvania gas oil 
Sivas Metis Oh toes having 465 deg. F. IBP and 700 deg. F. FBP 
Ns ce ae Te ue cea brat ¥o5ed Coase ieav cuenta cxases 38.0 72.0 —— 75.0 was processed at approximately 1400 deg. F. at 
re ih - org tng pheendseskebekue se dhaddeebeweiewan are ea ~~ — an extremely short time interval to yield the 
c.c. GEROMSCT GED CO COCO CES COSCO OED OSTEO SOSECLOLOOBE eee oc oc e 
llowing: 
Low Temp. Analyses: follow & 
Ns rte DUNNE iver cccnndetcceasvnsssesescssesons ses aa os @ ove 0.4 > 
I ee eae Cc tae writes each Cuuass ns va r- 2.5 boa 31.0 Wt. % Basis Feed 
I oo tie ar ies We ic tul lie ha udabiead tabigs _— a anee ges 19.0 Hydrogen .....--..--+++++0+: 0.13 
Ethane ...... PON RL eee 18 LARC! Tee Sa 0.7 4.2 Ree 36.7 Methane ..........--.+++++++ 9.07 
ee PE nD here ee rs eT ee eee ee ee On axe an ae — Ethene ........--++++eeeeeees 13.17 
ED ih an cwaea Sandee wade OeReeek 604 0eoe Rei esadanekues ”s 2.1 32.0 ae 11.4 bee Ethane .......-----sseeeees - 17.38 
PEE dnkc sade saennesveues 13.62 
FR CET TE Oe mer Ee ee eee ae oc ‘eo 2.5 15 —— DES aS EP 1.79 
DN bictitahieetbinekssadabobhabeeaneenadeueseenetus sie 12.9 55.5 4.0 % em OE rere 5.03 
SN Wid nesuscunne we kde ahs dled en eeieae ee Wban> SddGeenne ‘sn 17.3 5.8 5.5 NT a Be a 9.21 
EE Sictdsupadaebencevsedsnatauvasessasinses 7 wae 67.0 eas 88.0 i a ls ae 0.70 
PT, ccccossdccevesnns 1.96 
PED dé ctvcurduscaeenssans 4.38 
. . . . ‘ ” 
operating data are available at the present time. problem, and need lose nothing but “make gas Pontames ..........000-00008 2.02 
> . . —_— Go am hearer ..ccccccccces 6.07 
From results at Tonawanda it would appear that contains no values worth mentioning, except Suite én. sh ...... 93.17 
that the TVP process has come through the dif- fuel value. There are few engineering or con- SNE suacsksanssebnvabecads 3.30 


ficulties of the development stage and has taken 
a definite place among the resources of the 
petroleum technologist, alongside of other well 
known and approved processes; where it will best 
fit in will depend on the circumstances that con- 
front the individual refiner. While the principle 
of true vapor phase reaction is applicable to any 
petroleum product that can be vaporized, it 
would seem to have a particular appeal to small 
refineries that cannot afford the high investment 
costs of the modern catalytic cracking and re- 
forming processes. With a TVP reforming unit 
it seems that the small refinery can obtain a 
proper balance of its products, solve its octane 


TABLE Il 
Charge to TVP Unit Liquid Vol. ° 
I i a ee eee 28.2 
I, ite ht 6 odo cow aid-ew 4 WR cre wscaee 71.8 
ED inks vu wbevenseaedutdcadwa 100.0 
EE SOD on ove 6 c60.0 6b avcessenccsse via 1.9* 


Products (Basis Naphtha Feed) 


RP Te PP ere ert here eet 91.2 
EY Eh oad uach hin cae waccice Saami nh ee . 0.9 
EE 665 tewkh dette ss tekereadndhieoder 9.4** 
i ED cnet stdiesedscdevacabenseeauncs 0.4 
Temperatures (Deg.F.): 
eee SR GD vic dis ccnencc cvessxendea 1030 
NY AI NM a og a's ocaewale maculae 1230 
BONUS TORCMER GRRTNDET ooo. c cc ccccccccccccccecs 1070 
Outlet reaction chamber ..............0cccccece 950 
Co Ee ee eee 600 
OY OND 5 5s 6.6.50.40008debase rence 385 
Pressures (Ibs./Sq. In Ga.): 
ee a ini d cana ee eee ene an ee 180 
DE eehenscakiiecsdan si ndabannsennnes 170 
ES  ébn ck ensaens +h eeeenne hahentinsabaten 225 
SE Sxcundknadowkndscaeescpusnacacbavcacen 150 


* 58.3 M Cu. Ft./Day 
**627.2 M C. Ft./Day 
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structional difficulties. No special alloys are re- 
quired except chromium-silicon steel for the ra- 
diant tubes of the furnace and 4-6 chrome steel 
for the convection bank and the transfer line. 


On the basis of the yields obtained in this opera- 
tion it is interesting to note that a 10,000 bbl. 
per day unit would produce approximately 25,000 
tons per year of butadiene which could be re- 


TABLE Ill covered and purified by established methods to 

Utility Consumption in TVP be used for synthetic rubber. The flexibility of 

Pusl Fired (Greed) ...6.0.50..ccccscese 16,500,000 B.t.u./hr. control of reaction time and temperature which 

Cooling water (85 Deg.F.)  ..........580 Gals-/Min. permits establishing conditions favorable to bu- 

Treating & inhibiting /bbi. gascline ....-1-9 cents” tadiene formation also permits of setting a long- 
TABLE IV 


Yield and Operating Data 


Reforming Gulf Coast Gas Distillate 


CHARGE TO TVP UNIT VOLUME PERCENT 





Tota) Gas Distillate .......... 100.0 100.0 100.0 100.0 
C 4's (50% Olefin) ........... ae oe > ave -l 
PRODUCTS 
EE o¢:) oid cab ee uaaeoe ede 90.4 94.5 83.4 88.4 
Sy £608 ens suuwbeehe neues 4.5 3.9 4.3 3.4 
MN iio0-0 bea ws cankeuedaenwe ss 5.1 9.1 12.3 17.3 
ee UD i aces vdcnkcees 100.0 107.5 100.0 169.1 
OPERATING CONDITIONS 
PRESSURES Lbs. Ga. 
ED tnt anienmansdiuthnd 150 150 150 150 
DD vstivcetebeevenes 145 145 145 145 
| EP a 140 140 140 140 
EEN. eave pdenaber a oeeans 200 205 200 200 
TEMPERATURES Deg. F. 
PD <ibtedcniedddceease wtb we 1200 =1255 1200 1240 
PE Sites eiccnvbebecavese 105 950 1115 1070 
EE cen nangawmkeobdededes 1050 1050 11270 1120 
DE EE cet etemetaeew ene 930 960 970 980 
LABORATORY INSPECTIONS 
Gas Distillate Feed 
i nt nn ays eee enees ceéunes 64.5 
Be PO ID 6 vccccccccecsseve 9.6 
ASTM Octane Number ............... 59.8 
Research Octane Number ............. 59.9 


ASTIM Distil'ation: 





RNS on scene ecimadenaeee 93 
20% .. «FO 
 __ Ree ieee 218 
Reon Kahr 273 
DO nate RP Ee ERIE i 388 
OMe sc cegkbans teaeataneenatuencdus 460 
SY to. ca dioeadunebesemouies 493 


PRODUCT GASOLINE 





Cree, TO BPG cscs ctecccs 67.2 66.0 66.5 66.1 
Reid Vapor Pressure ........ 9.9 10.5 9.2 9.8 
ASTM Octane No. .........- 68.0 69.4 71.4 72.9 
- & rrr rrr, 78.7 79.8 81.6 82.0 
My SE oil ds0x2 2008 < 00000 81.8 82.2 83.2 83.2 
Research Octane No. ........ 71.8 72.7 77.5 78.8 
& ) =e 81.8 84.0 85.9 86.5 
i . seer 84.7 86.8 89.3 90.0 
ASTM Distillation: 
, (ik cxaneadaene aban 86 91 95 92 
20% 138 135 130 134 
50 191 190 181 184 
DE Kian Rae When teen keaw san 234 237 218 224 
OP i< eer 312 330 302 310 
FBP 383 393 382 389 
Product Gas 
ee Ge GE BD oe ctccecccnses 0.77 0.82 0.83 0.82 
Residuum 
Geavew, Dee. APG. ...cccees 34.8 30.2 21.0 18.4 
Vis at 100 Univ., Sec. ....... 35 41 46 56 
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er time factor at slightly lower temperatures for 2 to 4 percent. Since conditions suitable for maximum aromatic 


Results of semi-commercial op- 
production of aromatics, particularly toluene, formation are not suitable for maximum pro- 


-h needed in war and industry today. While 


erations are shown below: 
duction of marketable motor fuel it is necessary 


Toluene Yield 


cracked gasolines, and even straight-run gas- Basis _ Basis 
Cracking Charge Distillate 


to increase the reaction severity considerably to 


nes to a lesser extent, contain small quanti- 
s of toluene, some of the commercial products 
m the TVP process will contain as much as 


NNUAL REFINERY ISSUE, 1941 


Type of 
Charge Operation Temp. Vol. % 
E. Tex 
Gasoil 
200-100 
Ill. Naphtha 


bw eee Single Pass 1110 deg. F 3.28 9.10 


Reforming 1120 deg. F 3.65 6.30 


increase aromatic formation. This, of course, re- 
sults in a lower yield of distillate but increases 


toluene concentration. 
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Airview of Continental Oil Company’s general offices and major 
The new solvent treating 


refinery at Ponca City, Oklahoma. 
plants lie between the office building and the first group of 


CONTINENTAL COMPLETE 


Close up view of treating towers on the fur- 
fural solvent treating plant. 
Contacting and exchanger equipment in the 
Duo-Sol, furfural, and methyl ethyl ketone 
plants. 
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The solvent treating plant as seen from Continental’s general 

office building. In the background is part of the compay’s 10,- 

000,000 bbl. tank farm and in the distance may be seen the tops 
of producing wells in the South Ponca field. 


Solvent Refining Units at Ponea City Refinery 


% 
4 ONTINENTAL OIL COMPANY recently completed Duo-Sol, turfural 










and methyl ethyl ketone units for solvent refining of lubricating oils 
at the company’s Ponca City, Oklahoma refinery, the largest of Con 
tinental’s nine manufacturing plants and the only one to produce 


the company’s wide range of motor and industrial oils. 
































Right, rotary filters in the 
methyl ethyl ketone plant 
where raffinate from the 
furfural plant is dewaxed. 


The three new processes were integrated with the centrifuge dewax- 
ing process, used to dewax residue oils, modernized to utilize hexane 
as the solvent, and also with the Bari-Sol process, which has been in 
operation in the plant for the past couple of years. About 1,600 bbl 
of heavy vacuum-distilled lubricating oil bottoms are charged into 
the Duo-Sol plant daily, where it contacted with the phenol-cresol 
blend, Selecto, and with liquid propane. Seven horizontal drums pet 
form the contacting and separation processes, carried out under a 
pressure of 300 Ibs. per sq. in. The extract solution is then processed 
to recover the solvent, while the oil raffinate is dewaxed in the hex- 
ane dewaxing plant. About 1,200 bbl. of light wax distillate, with 
a viscosity of 75 to 80 at 100 deg. is charged daily into the furfural 
plant, where it is solvent treated and rerun to make a 180 viscosity 
motor oil base. The raffinate here is sent to the M.E.K. unit for 
dewaxing. The M.F.K. plant, which is conventional in operation, 
handles from 750 to 900 bbl. of raffinate daily, depending on its 
grade. From the M.E.K. filters the charging stock is put through 
solvent-recovery units, and the crude-scale wax sent to the sweat 
Left, control room, nerve pans, where a 130-m.p. wax is produced. 

center of the entire solvent 
treating cycle, where every 


step of the three processes : 
is checked and recorded. the company’s newest motor oil, recently introduced to the market 


ing field under the name, “Nth,” symbolizing the “nth” degree of 


At present the new units are operating at capacity manufacturing 


perfection. Also employed in the manufacture of this lubricant are 
two additives: methyl dischlorostearate, for greater film strength; 
and thialkene, a sulfonated olefin developed by Continental chemists 


to reduce oxidation tendencies in lubricating oil. 














By Dr. Waldo L. Semon 


New Fields of Industrial Usefulness 


for Synthetic Rubber Without Re- 


placing the Natural Product in its 


Own Sphere. 


SyntHeEtI¢ rubber’s place in industry’s future 
“design for living” will grow out of its chemical 
compatability with two prime industrial mate- 
rials, petroleum and rubber, which cannot abide 
each other but get along with the man-made sub- 
stance very well. This perspective becomes clear 
when we realize that scientists are projecting 
their picture of the future more and more in 
terms of petroleum, not merely as the fuel for 
internal combustion engines but also as the source 
of the versatile hydro-carbon molecule which 
modern industrial science can transmute into 
many valuable raw materials. These materials 
derived from petroleum are going to establish 
themselves firmly in our industrial pattern in the 
next few years. But for the development of 
synthetic rubber, this increased volume of petro- 
leum products could be handled in flexible hose 
and with other rubber applications only with dif- 
ficulty, because contact with petroleum causes 
natural rubber to swell and disintegrate. Thus 
synthetic rubber will play a dominant role as the 
“age of petroleum” expands because it not only 
has the elasticity and other indispensible proper- 
ties of natural rubber, but being itself derived 
from petroleum resists the action of oil and is 
therefore used successfully in connection with it. 
That is why I believe the future of synthetic 
rubber does not depend upon the replacement of 
natural rubber but will develop new uses. 


Those who have scanned the industrial horizon 
anticipate that the specific properties of synthetic 
rubber will open new fields for its use at such a 
rate that its ability to compete with natural rub- 
ber at the latter’s lower production cost will be 
a secondary feature when weighed against the 
special services which the man-made product can 
render. The cost advantage of natural rubber, 
leading import of the United States both in ton- 
nage and dollar value, may well be outweighed 
by the fact that synthetic rubber gives superior 
service in such applications as filling station hose, 
conveyor belting, printing plates and fuel feed 
systems for aircraft, Diesel and almost every 
type of internal combustion engine. The field for 
products of this type is rapidly expanding and 
for several years a growing line of synthetic 
rubber appliances has been developing. In addi- 
tion to its fortunate relationship with petroleum 
and hydrocarbon products, man-made rubber is 
virtually unaffected by many modern industrial 
solvents and is thus a prime tool in processes 
involving such chemical agents. 
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SYNTHETIC 
RUBBER 
Faces 
Bright 


Future 


The versatility of synthetic rubber is illustrated 
by results of a year of intensive testing in our 
Akron laboratories and in actual service. We 
found that synthetic rubber excels natural rub- 
ber in four important service characteristics, 
equals it in six and is only slightly below natural 
standards in three. The tests showed that Ameri- 
pol, which is being used in the first synthetic rub- 
ber automobile tires to reach the open market, 
excels natural rubber in its resistance to oil, oxi- 
dation, aging and heat. It equals nature’s prod- 
uct in range of hardness, elongation, tensile 
strength, permanent set and in resistance to 
abrasion, acids and alkalies. It is only slightly 
below natural standards in elasticity, tear resis- 
tance and reaction to sub-freezing temperatures, 
and even these can be remedied by skillful com- 
pounding. There seems little question that syn- 
thetic rubber can be a success in developing an 
entirely new field of industrial utility without 
disturbing the time-honored position of natural 
rubber in hundreds of fields where it is entirely 
adequate as a material. We should not be im- 
patient, however. We have spent fifteen years 
at B. F. Goodrich Company developing a syn- 
thetic rubber capable of replacing the natural 
product for practically all its essential uses, in- 
cluding tires. But an indication of what we can 
expect from this man-made product is found in 








Above left, view of a polymerizing vat in the 
Akron plant of Hycar Chemical Company straight- 
line synthetic rubber production unit. Above right, 
Dr, Waldo L. Semon inspecting a curd of Ameri- 
pol which is used in the manufacture of the first 
synthetic rubber automobile tires to reach the 
open market. Dr. Semon is a recognized authority 
on synthetic rubber. For a number of years he 
has been in charge of investigation in this field 
for the B. F. Goodrich Company and he con- 
ducted the research that led to the development 
of Ameripol through polymerization of butadiene. 
Dr. Semon is Vice President of the Hycar 
Company jointly owned by the B. F. Goodrich 
Company and Phillips Petroleum Company. 


the service reports from thousands of motorists 
who have found that synthetic rubber tires meas- 
ure up to the same standards of performance and 
quality as natural rubber casings. 


The pioneering experience gained in this develop- 
ment has led the company to expand its privately 
financed synthetic rubber production to 7,000 
long tons a year. This capacity, coupled with 
a 10,000-ton plant to be constructed with gov- 
ernment funds at Louisville, Kentucky, will pro- 
vide the company’s synthetic rubber affiliate, Hy- 
car Chemical Company, with a capacity four 
times that of the entire country last year. The 
production capacity of Hycar alone, namely the 
17,000 tons expected by the end of 1942, com- 
pares with the capacity of 20,000 tons a year 
which the Department of Commerce reports that 
Nazi Germany had attained at ‘the outset of the 
war after years of urgent effort. The funds be- 
ing expended on synthetic rubber are not being 
scattered like chaff in the wind. In the next 
few years I expect to see synthetic rubber ‘it 
itself into the industrial pattern which has be- 
come so familiar since the turn of the century— 
the development of materials and mechanisms 
which cost more but more than offset that greater 
cost by rendering unique services that soon be- 
come indispensable to modern industrial progress. 
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WORLD PETROLEUM ABSTRACTS 


Summaries of the Most Important Articles as Published in the Oil 


Press of the World Dealing with Technical and Economie Aspects of 


the Petroleum Industry — Edited by Dr. 0. W. Willcox. 


GEOLOGY 


Micropaleontology — Past and Present. — Carey 
Croneis, in Bulletin AMERICAN ASSOCIATION PETROLEUM 
GEOLOGISTS, Vol. 25 (1941), No. 7, pp. 1208-1255. 
This paper outlines the history of the science of 
micropaleontology, which is the science of fossils that 
can hardly be seen by the unaided eye. 


It is pointed out that heretofore the micropaleontolo- 


gists have been concerned almost exclusively with one 
kind of microfossil—the foramenifera. They have 
lately awakened to the fact that there are other small 
fossils that have or may be found to have diagnostic 
value. These are ostracodcs, conodonts, bryozoans, 
radiolaria, and others. It has transpired in the past 
that important geological information has been over- 
looked by microscopists who have been trained only 
to look for foramenifera, whereas other microscopists 
who had acquired information about conodonts and 





@ With the very rare exception of 
fires originating inside the tank—a 
tank is safe against fire if it is properly 
equipped with an Oceco Flame Ar- 
restor. 

Oceco Flame Arrestors are ap- 
proved by Underwriters Laboratories, 
Inc. They are protecting more than 
350,000,000 bbls. of tankage (about 
4 times the total average gasoline 
stocks of this country) . . . and have 
a perfect service record. No tight 
tank equipped to Oceco specification, 


891 Addison Rd. 





"Why Have TANK FIRES? 


OCECO 


Division of 


THE JOHNSTON AND JENNINGS COMPANY 


even though located in the middle of 
a blazing tank farm, has ever been 
lost by fire. 

The cost of Oceco Flame Arrestors 
is very small in proportion to the in- 
vestment they protect. They reduce 
fire insurance—minimize the dangers 
of sabotage — and are indispensable 
to companies that carry their own in- 
surance. Make your tanks fire safe and 
gas tight by using Oceco fittings 
throughout. Fully descriptive litera- 
ture sent on request. 


Cleveland, Ohio 
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scolecodonts were able to identify the formations in 
question by reason of their more extensive knowledg: 


Chis is now in the way of being remedied. The study 
of microfossils is being put on a broader basis in th 
colleges that are now teaching the subject. The cours: 
of study is being enlarged to take in all forms o 
fossils that would naturally come within the field o 
a microscope. As a result, the resources of th 
petroleum geologist should be considerably enlargec 


The Future of Geophysics—W. T. Born, in Bulletin 
AMERICAN ASSOCIATION PETROLEUM GEOLOGISTS, Vol. 25 
(1941), No. 7, pp. 1256-1263. 


It is considered to be an obvious necessity that th 
technique of oil exploration must continue to improve 
if the future rate of discovery is to be kept on a 
par with that of the past. 


The reason for the necessity of improving this tech- 
nique lies in the fact that most if not all the easy 
work has been done. The methods of the past and 
present have been sufficiently precise to discover large 
and easily defined structures. What remains now are 
mostly structures of low relief, and small structural 
traps in large fields that have been worked over by 
methods that aimed to cover as much ground as pos- 
sible at the least expense. This ground will now have 
to be gone over again with a fine toothed comb, as it 
were, in an effort to glean what has been overlooked 
This resurveying of old areas has proved to be very 
successful in Oklahoma. 


Ihe author calls attention to the fact that the average 
depth to which Gulf Coast area has been geophysicalls 
surveyed is less than the depth of many wells now 
being drilled. This, the author thinks, is certainly a 
situation which should be corrected, which means 
that it is about time for this area to be seismo- 
graphed once again to map deeper horizons. 


Besides looking for structures that have escaped notice 
in old territory, the geophysicists will have to sharpen 
their tools for the discovery of stratigraphic traps. 
There is a prevailing notion that such traps are not 
associated with structure. But various facts are cited 
to show that this is not always the case. The Coal- 
inga fields in California are examples of traps or 
pinch-outs, the existence of which was suspected from 
geological evidence and confirmed by careful geo- 
physical work which located the nose. 


In conclusion, it is largely a question of improved 
instrumentation and technique. There is still more 
work for the principal techniques that have been suc- 
cessfully used in the past, but it appears that from 
henceforth this work must be done with greater 
precision. 


DRILLING 


Effect of Calcium Chloride in Oil Well Cements 
—F. N. Alquist and H. H. Miller in om & GAs 
JOURNAL, Vol. 40 (1941), No. 10, pp. 42, 45, 49-50. 


Most dam builders and other contractors in ordinar\ 
civil engineering work understand the uses of ca’- 
cium chloride, but the requirements placed on oil we 
cements are different, and it has seemed necessa! 
to write this article because the subject is apparent 
not too well understood by engineers in charge 
oil well operation. 


The chief point of the matter is that present practi 
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gal Force ...and especially in solving 


new problems that have never before 
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calls for the use either of relatively expensive oil-well 
cements or “high early” cement, whereas the tech- 
nique employing the addition of calcium chloride is 
simple and allows the relatively cheap ordinary port- 
land cement to be used instead. Hence the oil-well 
engineer who is familiar with the effects of calcium 
chloride as they are described by the authors can 
readily make his own cost comparisons. The points 
which speak for the use of this very common and 
cheap chemical are listed as follows: Regular port- 
land cement with 2 or 3 per cent calcium chloride 
added offers a saving of time and money to oil 
operators in cementing surface and low-temperature 
strings. 


The final setting time of regular portland cement is 
reduced approximately 30 per cent by the addition of 


2 to 3 per cent calcium chloride. 


Quantities up to 4 per cent of calcium chloride ad- 
mixed with portland cement require the same or 


slightly less water-cement ratio for standard fluidity. 


The use of calcium chloride in both “high early” and 


portland cement increases the early strength. The 
portland cement and calcium chloride admixture ac- 
quired a strength at 8 hours that was practically 
equal to that of “high early” and calcium chloride 
and more than twice the strength of neat “high early” 
at 8 hours. This held true whether tested at 60° or 
150° F. 


Two and three per cent of calcium chloride reduce 
the thickening time of regular portland and high early 
cement approximately 50 and 33.5 per cent, respec- 
tively. 


The quantity of heat generated during the setting of 
regular portland cement with calcium chloride is no 
greater than when the calcium chloride is omitted. 
The heat is generated within the first 24 hours, par- 
allel with the increase of strength. 


The setting and thickening times of regular portland 
cement are greatly accelerated by increased tempera- 
ture regardless of whether or not calcium chloride is 
used. Three per cent calcium chloride mixed with 
regular portland cement reaches approximately 1,000 
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Gel-Cements and Their Application in Well Ce. 
menting Operations—Cedric Willson, before A. p. | 
DIVISION OF PRODUCTION, Spring meeting, Amarillo, 
March, 1941. 


Gel-cement is portland cement mixed with bentonit:. 
Bentonite, or colloidal clay, has been used in admi 
ture with cement and water in oil well cementing 
operations for about 10 years. In the opinions of 
various operators the results have ranged from ver, 
successful to unsuccessful, and this use of bentonite 
is still a controversial question. The author, a cement 
expert, makes a contribution toward clarification of 
the matter. 


In general the addition of bentonite to portland ce- 
ment will: (1) Tend to hold cement in suspension 
until initial set occurs. (2) Increase its plasticity and 


“viscosity.” (3) Reduce the loss of free water when 
slurry under pressure contacts porous or permeable 
bodies. (4+) Impart a thixotropic property. 


These four things are all that can be accomplished 
by the use of gel-cement and any advantage it may 
have in oil well cementing operations must be based 
on one or more of them. 


One condition for success is that bentonite and cement 
should be well mixed in proportions suited to the 
job. The best way to get a proper mix is to have 
the mixing done at the cement factory. 


Perhaps the main function of bentonite in these mixes 
is to prevent sedimentation of the cement until the 
cement has set. 


The proper percentage of bentonite for the make-up 
of gel-cement depends on the purpose. When it is 
desired to prevent sedimentation in a high water- 
cement ratio slurry, strength tests indicate that 4% is 
probably the upper safe limit. With a greater per- 
centage of bentonite, strengths are dangerously low 
and the slurry is undoubtedly very permeable. The 
best method would seem to be a selection of the 
strength desired which will automatically set the per- 
centage of bentonite required to eliminate sedimenta- 
tion for that particular water-cement ratio. When it 
is desired to build up the “viscosity” or plasticity of 
a certain water-cement ratio slurry, the percentage 
of bentonite will be limited by the decrease in pump- 
ability and setting time. Ordinarily a 2% gel-cement 
will provide as plastic a slurry as the pumps will 
handle and, with a low water cement ratio, the limit 
may be reached with 1% or 1.5% bentonite. 


Recent Equipment for Paraffin Removal, Perfora- 
tion Cleaning, and Well Completion—Benton Tur- 
ner, before A. P. 1., DIVISION OF PRODUCTION, Spring 
meeting, Los Angeles, March, 1941. 


Four new tools, all still largely in the developme 
stage, have been selected as those which offer t! 
greatest promise of improving production technique 
and reducing operating costs. They are as follows: 


| 1. An electrical heating process for intermittent!s 


removing parafhin accumulations from the tubing 


| of pumping wells. 
2 


A perforation washer that enables the operat 

to test individually each row of perforations 
around the casing and offers a method of injec'- 
ing chemical that has not been previously mixe | 
with the fluid in the well through the perfor 

tions. 


3. A well cleaning process in which oil is driv 
through the clogged perforations of the liner 
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70 years of experience in 
ATLANTIC petroleum products 








‘ 

Seventy years is a long time in the 
petroleum industry. It reaches all the 
way from the bustled belle of the lamp- 
lit °70s to today’s active debutante in 
her streamlined sports roadster. 

That period is the life-span of The 
Atlantic Refining Company. Into it, 
Atlantic has crammed a wealth of prac- 
tical producing experience and unusually 
extensive research. 

Research in the laboratory and on the 
road. Research so rich in results that 
the Franklin Institute honored this com- 
pany with a citation for “its seventy years 
of progressive research, its contributions 
to the petroleum industry and its pioneer 
work in many fields.” 

Naturally. this broad and brilliant 
background benefits every user of Atlan- 
tic products. These products include 
Atlantic Gasoline. Atlantic Motor Oils, 
and Atlantic Lubricants, for automobile 
and marine engines and industrial uses. 


COMPANY 


the torces released trom an 
torpedo. 

4. A combination gun perforator and testing tool 
that allows the operator to perforate and test 


the well in a single operation. 


exploding gas 


Because of the newness of these tools, data on their 
use are limited. Use of the electrical heating equip- 
ment in its present form was initiated about twelve 
months ago. Development work on the perforation 
washer has been completed within the last four 
months. 


The gas torpedo has been tried in about a dozen 
wells in California although its use in Texas goes 
back eighteen months. The gun tester unit has been 
used commercially in Texas for the past ten months 
but has yet to be used in California. 
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Merco Nordstrom to Entertain API 


Arrangements have been made by members 
of the Merco Nordstrom Valve Company 
executive and engineering staffs to enter- 
tain visiting members of the American 
Petroleum Institute at the Annual Meet- 
ing in San Francisco. Entertainment head- 
quarters will be maintained at the Mark 
Hopkins and Fairmont Hotels and trans- 
portation facilities will be provided to take 
visitors On an inspection tour of the prin- 
cipal Nordstrom Valve manufacturing plant 
across the Bay in Oakland. Colonel W. F. 
Rockwell, president of the organization 
will be on hand to welcome guests and will 
be assisted by other members of the Merco 
Nordstrom organization from all parts of 
the country. 




















Mud Control as an Aid in Mid-Continent Drilling 
—K. R. Albert, before A. P. 1, DIVISION OF PRODUCTION, 
Spring meeting, Amarillo, March, 1941. 


This paper emphasizes that the most important single 
characteristic of a good drilling fluid is its ability to 
build a thin impervious filter cake on the wall of the 
hole with a minimum of water lost. Such muds are 
described as low-water-loss muds. Where the water- 
loss is low the mud cake is thin; and where the 
water loss is high the mud cake is thick. A thick mud 
cake is the parent of a host of drilling troubles, 
which the author catalogs at considerable length. 


The main point, then, is to control the mud in the 
direction of low water loss. A safe practice recom- 
mended for normal mid-continent drilling is to carry 
a 9.8 lb. to 10.2 lb. natural mud; if it is necessary 
to weight this mud the weighting should be done with 
colloid materials that will give proper viscosity, fil- 
tering rate, and gel strength. By attending to this 
detail several major companies in Oklahoma have 
been able to drill up to 10,000 ft. with only surface 
casing in the hole, where a few years ago they had 
to put in 3,000 to 6,000 ft. of intermediate casing. 
Another saving has resulted from ability to drill 
through pay sections without setting pipe or drilling 
in with oil, all because of controlled water losses 
from drilling mud. 


A new type of treatment has been introduced to 
reduce water loss from a salty mud to an unheard 
of low figure, which opens up vast savings in drill- 
ing through salt beds. This salt-resistant colloid (un- 











Today's 
OIL NEWS 
TODAY 


Responsible oil men depend on Ira 
Rinehart’s Oil Reports for “Hot” daily 
information on drilling wells, produc- 
tion, pipe line, statistical and political 
news in the mid continent and gulf 
coastal regions. 


Daily reports issued except holidays 
and Sundays in special mimeographed 
form. Maps of all “hot” areas given 
and all the news of the southwest thor- 
oughly covered and analyzed by a 
highly trained and specialized group 
of experts and staff men stationed at 
every important oil city. 


Texas - Arkansas - Louisiana - New 
Mexico reports published at Fort Worth 
and Houston. Oklahoma - Kansas re- 
ports published at Tulsa. We respect- 
fully solicit your inquiries at any of 
our publishing offices. 


* * 


OIL. REPORT 
PRIVATE & CONFIDENTIAL 
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SWING JOINTS 
for HIGH TEMPERATURES 


Designed for operation at temperatures to 700° F 
and pressures of 500 pounds, with full 360° turn- 
ing tm one, two and three planes. Nothing to 
tighten or adjust. 


UNLIMITED 
FLEXIBILITY 
ASSURED 


Double rows of hardened steel balls 
flame-hardened races assure easy tur'\- 
ing. Specially designed pack-off wi'h 
chromium-plated packing chamber ‘0 
provide a smooth, long-wearing st 
face. 8 Styles. 2” to 4” Sizes. 
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TO LOWER COSTS, LENGTHEN LIFE 


Tool joints that last bring drilling costs down. There is with bores large enough to permit free fluid flow. 
the reason for the rapidly increasing use of Chromium- For complete information about Chrome-Moly (SAE 
Molybdenum (SAE 4140) steel for this service. 4140) and other Molybdenum steels that are helping 

SAE 4140 has the hardness to resist abrasion and drillers achieve speed and economy, write for our 
erosion. It has the essential impact and fatigue technical book, “Molybdenum Steels in Oil Produc- 


strengths to withstand the use and abuse that is part tion.” It will gladly be sent without charge to all those 
of a tool joint’s life and, because of the strength of interested in modern materials for modern oil pro- 


this Chromium-Molybdenum steel, joints can be made duction requirements. 
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named) is as effective in stopping voids as other 
colloids in fresh water. 


The paper closes with the statement that since low- 
water-loss muds are available in both fresh and salt 
water drilling fluids, neglecting them is to assume an 
unnecessary hazard. 


OPERATION 


Gas Well Acidifying in the Texas Panhandle 
—Gilbert L. Leach, before DIVISION OF PRODUCTION, MID- 
CONTINENT District, Amarillo, March, 1941. 


The problem of acidizing wells in the Texas Pan- 
handle presents many complexities, which have re- 
quired the adoption of a large number of expedients. 
The varying character of the calcareous zones that 
need acid treatment put varying requirements on the 
acid used. In some cases the action of the acid has 
to be intensified, and in some cases retarded. The 
acid must furthermore contain wetting agents that 
enable it to penetrate farther in tight zones, stabilizers 
to keep dissolved iron and aluminum in solution, and 
inhibitors to prevent the acid from corroding metal 
equipment. 


In addition to such adjustments of the composition 
of the acid it is necessary to follow a definite plan 
for injecting the acid and with-drawing it after it is 


spent. Each case requires a special study. 


Present practice in the Panhandle calls for the use 
of gas compressors to force the acid as far as pos- 
sible into the formatien before it has become spent. 
This practice is regarded as having introduced a new 
era in the acidizing art. It has greatly increased 
output in many cases. After the acid has been placed 
in the well pressure is applied by a compressor cap- 
able of handling up to 80,000 cu. ft. of gas per hour 


and of reaching a pressure of 2,500 lbs. per sq. in. 
This not only forces the acid far back, but when the 
pressure is released the gas expands and blows back 
the acid, thus clearing the well in a few minutes. In 
some cases the entry of the acid into tight zones is 
promoted by dropping in 80 lbs., more or less, of 
magnesium metal, which dissolves with much heat; 
the hot acid is then capable of more effective penetra- 
tion. 


Acidizing to Remove Drilling Mud and to Clean 
Up Sandstone Formations—Stanley G. Morian, in 
PETROLEUM ENGINEER, Vol. 12 (1941), No. 7, pp. 67- 
68; 70. 





Acidizing of wells was first used in the petroleum in- 
dustry for loosening up limestone formations, and it 
was not long before it was employed to decompose 
hardened, impervious mud sheaths that might be 
sealing oil and gas horizons. It seems that this latter 
circumstance is of a somewhat wider extent than is 
commonly supposed. Most native clays encountered in 
drilling contain some bentonite-like materials that 
may penetrate the porous, permeable pay horizons 
and cause abnormally low rates of production. It 
has also transpired that montmorillonite and similar 
clay minerals occur to an appreciable extent in sand 
wells. It has also been supposed that oil moving 
from the sand toward the face of the well carries 
with it some of this clay material that clogs the 
pores through which the oil should pass. 


In any case, besides an acid that will attack lime car- 
bonate the oil industry has come to need an acid that 
will attack bentonite and its relatives that impede 
production in sand wells. The composition of the 
“mud-acids” that have been developed for the purpose 
are more or less trade secrets of the acidizing com- 
panies, but the point is that these mud acids will dis- 


solve clogging materials which a 15 per cent hydro 
chloric acid will not touch. ‘They are used not onl; 
to clean the mud off the face of a newly completed 
well, but to rejuvenate old wells that have become 
clogged with noncarbonate deposits in oil sands. Ar 
example is given of a well in East Texas wher: 
the permeability of the sand was increased three 
fold. It is stated that it is no uncommon thing for 
mud acid treatment to increase production from ok 
wells that were pumping 5 bbl. to 100 bbl. a day. A 
a general hint it is stated that a sand well whos 
core shows 10 to 20 per cent of bentonite will be 
suitable subject for a mud acid treatment. 


Acidizing Oil Reservoirs in Sands—P. E. Fitzger 
ald, J. R. James and Ray L. Austin, in BULLETID 
AMERICAN SOCIETY PETROLEUM GEOLOGISTS, Vol. 2 
(1941), No. 5, pp. 850-870. 


It is well known that treating oil-bearing limeston 
formations generally increases the rate of oil pro 
duction by providing a greater free surface for th 
passage of the oil. 


The same idea is being more or less generally applied 
to oil deposits in sand formations. Although sand it- 
self is not soluble in hydrochloric acid, it has been 
found that the interstices between the sand grains con- 
tain more or less material that can be removed by 
acid, thus enlarging the sand’s porosity and per- 
meability. 


In this work the authors studied more than 300 cores 
taken from more than 80 different oil-producing sands 
in twelve states; the age of these sands ranged from 
Ordovician to Miocene. The solubilities of these 
sands vary from nearly zero (0.01 per cent) to nearly 
100 per cent. The average solubility was about 8.5 
per cent. 
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Petreco Electromatic Desalters have in refinery charging crudes it is a subversive agent of the most 





been adopted by many of America's hazardous type. 
leading refiners as the positive protec- 
tion against salt troubles. Salty brines in refinery crude cause losses of on-stream time that are doubly 


expensive; first, because production time is lost, and second, because of expensive 
maintenance and costly replacement items. 





Salts long have been accused, and found guilty, of being the fifth columnist 
responsible for corrosion, plugging, scaling, and too frequent shut-downs. 


Preliminary investigation and analysis of your salt problem involves no obliga- 
tion. A Petreco representative always is available, and can give you full particulars 
with examples of Petreco performance. 


PETROLEUM RECTIFYING COMPANY OF CALIFORNIA 
General Offices: Los Angeles, California 


Gulf Coast Division: Houston, Texas Eastern Division: Toledo, Ohio 
Representatives In Principal Oil Fields and Refining Centers 


PETRE < © 


When a Petreco Desalter is on guard 
the salt is efficiently and automatically 
removed from the crude and consigned 


to the disposal sewer. D E Ss A L TIN G » | DEHYDRATING 








When the acid solubility of a sand core has been 
determined the resulting increase in porosity and the 
presumptive increase in oil production to be expected 
from acidizing can be calculated from theoretical con- 
siderations. But it not seldom happens that the in- 
crease in production is much greater than was to be 
expected. A possible explanation is that the acid has 
found thin crevices that were easily attacked giving 
a proportionately much larger free surface. 


It has been noted that the crushing strength of acid- 
ized sands is sometimes much reduced (but there 
does not seem to be any evidence that this has re- 
sulted in caving in deep wells. Editor). 


Besides direct attack by acid, it is mentioned that 
the acid solubility of a rock sample may be approx- 
imated by an X-ray examination which will identify 
the soluble materials present. This presents the 
acidizing engineer with an alternative method for 
getting necessary information. 


Production Under Effective Water Drive as a 
Standard for Conservation Practice—E. De Golyer, 
in PETROLEUM TECHNOLOGY, Technical Publication, No. 
1340; 4 pp. May, 1941. 


This paper adopts the standpoint that the problem 
of good engineering practice and of good conserva- 
tion practice is that of keeping gas in solution. This 
can best be done by producing a field as a water- 
drive field. If someone should say that this is all 
right where a water-drive is present, the answer is 
that water-drive is present to a much greater extent 
than is commonly believed; it is estimated that water- 
drive great enough to be effective is present in more 
than 80 per cent of the oil fields of the United States. 


If some degree of water-drive is of such common 
occurrence, why has it not been more commonly 
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recognized? Probably because under the urge for a 
quick payout most pools have been produced at a 
rate too high to permit the water-drive to be effec- 


tive; hence even its presence has not been recognized. 


The fact is that, for the reason above mentioned, 
the great bulk of the oil fields of the United States 
are being produced as gas-expansion fields, regard- 
less of whether water-drive great enough to be effec- 
tive is present. This is where the good conservation 
angle becomes important. Several authorities are 
quoted to the effect that recovery by a typical water- 
drive is around 75 per cent as compared with around 
40 per cent by complete gas drive. Water-drive is 
thus nearly twice as effective as gas drive in recov- 
ering the original oil, which amounts to saying that 
gas-expansion drive wastes nearly half of the re- 
coverable oil. The author says that no authority 


seems to have come forward with a contrary opinion. 


It is therefore to be inferred that in the interest of 
good conservation, production by water-drive should 
be required wherever this method can be made effec- 
tive. It cannot be done in every case, but should be 
done in every case where the proper conditions exist. 
The advantages are fourfold: (1) a greater amount 
of oil will be recovered; (2) flowing life of the wells 
will be prolonged and lifting costs reduced; (3) 
fewer wells will be required to obtain production; 
and (4) the bulk of proration can be based on 
scientific and engineering principles rather than on 
arbitrary, economic, or political grounds. 


The author takes the last proposition as the base for 
The regulatory bodies should take 
production under effective water-drive as the engi- 


his conclusions. 


neering and conservation standard (some are now 
operating under that standard). This standard re- 
lieves the authorities of the necessity of determining 
rates of production by more arbitrary and less scien- 


tific methods. There are two disadvantages: a de- 
layed return on investment, and the necessity of 
grouping small tracts into larger units. Neither of 
these appears to be insurmountable. Wider spacing 
allows a greater production per well per day and 
in the long run is more profitable, and the regu 
latory body of at least one of the oil-producing state: 
has taken the bull by the horns and is proceeding t 
merge small tracts into larger ones. 


Operation under water-drive where it is presen: 
should be obligatory; this would apply to new pool 
and to old ones except those whose reserves ar 
already nearly exhausted from production under gas 
expansion. Each case will require competent an 
impartial engineering consideration. 


Correlation of Fuel and Laboratory Research in 
Secondary Oil Recovery—H. R. Price in o1L AND GA; 
JOURNAL, Vol. 40 (1941) No. 8, pp. 37-38. 


The author lists some fallacies which he finds at th 
bottom of a number of popular notions regarding 
the operation of oil reservoirs. 


The most popular fallacy included in this list is that 
producing efficiency can be increased by back-pressur¢ 
application; although it works in some cases, some 
pools are irreparably damaged by any method of 
back-pressuring. These cases can be distinguished 
in advance by properly designed laboratory pro- 
cedures. 


A generally accepted fallacy of secondary recovery 
is that most sands are by-passed if there is too much 
differential pressure from pressure well to producer. 
While too much pressure sometimes exists, many 


sands have been irreparably damaged by starting 
with too low a differential pressure. 
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A third fallacy is that a synthetic representation of a 
sand body can be reproduced. ‘Too much reliance 
has been placed on this idea. 


By field and laboratory tests, which are listed, prac- 
tically accurate saturation of oil producing reservoirs 
can be estimated, but it is a delusion to expect that 
direct readings of sand saturation can be made from 
core analysis. 


It can be demonstrated conclusively that there is no 
means of choosing core samples to be tested as repre- 


sentative of the whole section. 


By simple demonstration on actual cores it can be 
shown that the so-called differential shooting in re- 
covery is inefficient and damaging to the ultimat: 


recovery of oil. 


After listing these fallacies, the author turns his at- 
tention to a proposition which may or may not in 
volve a fallacy. This relates to a method of apply 
ing solvents to actual sand bodies in connection with 
gas-recycling recovery operation, which is said to 
have been worked out on an economical basis and 
offers many possibilities. For this process it is claimed 
that recovery is practically perfect, and that the sol- 
vent used can also be recovered by one of several 
practical methods. It is indicated that the solvent 
used may consist of light and therefore less viscous 


petroleum fractions. 


Air-drive Experiments as Related to Secondary 
Recovery—H. Krutter, before 10TH ANNUAL PETROL- 
EUM AND NATURAL GAS CONFERENCE, Penn. State Col- 
lege, May, 1941. 


Air drive for recovering oil from old sands has been 


common in the Venango region since 1932. It is more 


or less well known to the field operators, but com- 
paratively little laboratery research has been done 
on its problems. The Pennsylvania Grade Crude Oil 
Association therefore sponsored a research project on 
the matter, and the author here makes a report on 
the progress of the project. 


Out of the large number of experiments made on a 
large number of cores there have come several con- 
clusions that appear to be more or less final. One 
is that the oil left in the pores of a water-free sand 
body after no more oil is expelled by means of air 
is retained to the sharp angles between the sand 
grains. 


lhe importance of this conclusion will appear from 
some other facts that were disclosed in the experi- 
ments. The author feels that he is fairly safe in 
saying that a core which is free from water but 
which has 30 per cent of saturation with oil will 
not give up any oil when subjected to air drive. 
Vhis laboratory conclusion is noted to conflict sharply 
with the fact that in field operations oil may be 
recovered from properties with only 30 per cent of 
saturation. The clue to this contradiction is found 
in the failure of the laboratory to take into con- 
sideration the connate water content of the actual 
oil sand. 


Hiow important this connate water is in the examina- 
tion of oil sand cores is made to appear from the 
following considerations. It may be assumed that in 
many if not most cases oil has migrated into the 
sand by displacing the salt water originally con- 
tained in the sand. In this process the oil would 
not displace the water from the smaller capillary 
spaces between the sand grains. The more connate 
water there is, the more the oil is crowded into the 


larger pores, from which it is easily expelled by air 





Therefore a sand with an oil saturation of 
30 per cent may produce oil. The author does not 
explicitly say so, but it seems to be a fair inferen 
from his work that the percentage of the total < 
in a sand that is recoverable by air drive will be tl 


pressure. 


= o 


o 


smaller, the less connate water there is to fill tl 


finer capillary spaces. 


Consequently he strong 
recommends that in making a core analysis for re- 
covery estimates, the connate water content should 


be determined as well as oil saturation. 


In one set of experiments cores were used in an 
effort to obtain light on the much debated questior 


as to whether air pressure in a secondary recovery 
operation should be low at first and then be in- 
creased stepwise to a high value, or whether high 
air pressure should be applied from the beginning. 
The experimental data allow the conclusion that it is 
greatly to be preferred if high pressure is maintained 
from the beginning. 


PIPELINES 


Operating Supercharged Diesel Engines in Pipe- 
line Service—J. B. 
POWER 


Harshman, before OIL AND GaAs 
AMERICAN SOCIETY 
ENGINEERS, Kansas City, June, 1941. 


DIVISION OF MECHANICAL 


Diesel engines, like other internal combustion engines, 
obtain their power by the explosion of a mixture of 
a hydrocarbon fuel and air in the engine cylinder. 
The violence and strength of the explosion depends 
on the quantity of the explosive mixture in proportion 
Ordi- 
narily, the internal combustion engine takes in the 


to the space in which the explosion occurs. 
air at atmospheric pressure. Thirty years ago it 
was recognized that if a larger amount of air were 
forced into the cylinder by compression, with more 
fuel, the explosion would be stronger. 
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Deliverance ...and Deliveries 


Liberty has been likened to a flame in the darkness ... 
a flame now mightily assailed by draughts from the Dark 
Ages, a flame to be shielded at all cost, to ensure its burning 
more brightly and steadily in the future. When the map makers 
sharpen their pencils and the black curtains go on the bon- 
fire, and the statues come back from the country ... we shall 


be glad to talk—as you will to take—deliveries once again. 








W. P. BUTTERFIELD LTD., Head Office: Shipley, Yorks. 
Telephone: Shipley 851 (5 lines). 


BRANCHES: Belfast, Birmingham, Cardiff, Dublin, Glasgow, Liverpool, London, Newcastle-on-Tyne, Nottingham. 
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The above is the principle; the practice has been a 
long time in developing. It has now reached fair 
locomotives and 
plants, and five years ago Stanolind began experi- 


menting with it for pipe line stations. 


success in Diesel some stationary 
These experi- 
ments have been a mixture of successes and failures. 
However, sufhcient experience has been gained to 
prove that increasing the horsepower of existing pipe- 
line pumping installations is not only practicable, but 
economically justifiable. For instance, 250-hp. in- 
crease can be obtained by supercharging a 500-hp. 
engine for an investment of approximately $12,500, 
including the cost of new gears for increasing the 
speed of the pump. This is equivalent to $50 per in- 
stalled horsepower, which is less than half the cost 
per installed horsepower when purchasing additional 
pumping units. 


The use of supercharging has other advantages which 
make it attractive for pipeline service. For instance, 
it frequently becomes necessary to provide a_ tem- 
porary increase in horsepower and pumping capacity 
at trunk-line stations handling oil from flush fields or 


After 


this peak-load requirement no longer exists a large 


for a temporary peak load to certain refineries. 


investment is usually left idle or operating at low 
capacity. If this peak condition is met by super- 
charging, the turbo-charger and other equipment used 
in its operation may be moved at a nominal cost to 
station, 


another where the additional capacity can 


be used to advantage. 


About the only disadvantage actually encountered in 
operation of the last two installations has been in- 
ability to operate these units at loads below the orig- 
inal rated horsepower of the engine. Although the 
exhaust-driven supposed to compensate 
automatically for load variation, it appears that an 


turbine is 


excess amount of air is forced into the engine for the 
quantity of fuel consumed, which results 
combustion. 


in poor 
After operating at reduced loads for a 
few days it is necessary to remove the turbine rotor 
and clean out the carbon accumulations. 


It is expected, or at least hoped that improvements 
in design will remove this inconvenience. 


Conclusions Based on A. P. I. Coating Tests—Kirk 
H. Logan, in PETROLEUM ENGINEER, Vol. 12 (1941), 
No. 6, pp. 100, 102; 104; 106. 


In 1940 the American Petroleum Institute brought to 
a close an investigation of protective coatings that 
involved the study of 46 combinations of materials 
a cost of than 
Each of these coatings differed from the 


under 15 soil conditions at 
$100,000. 


others in one to six or more particulars. 


more 


The final 
completely protected the pipe at all test sites; only 


data indicate that none of the coatings 
two completely protected the pipe at any test site, 
and only one afforded complete protection at more 
Cut-back coal-tar appears to be the 
poorest; the best appears to be asphalt mastic, which 
is rated at 72.5 on a scale of 100; the next best 
seems to be asbestos-felt reinforced coal-tar enamel, 


rated 30.8. 


than one site. 


which is The table of ratings is here 


reproduced. 
Length 

Character of examined Percentage 

Coating ft. Unaffected Pitted 
Cuthback coal-tar ........0% 166 1.2 84.5 
Coal-tar enamel ............. 152 13.8 62. 
Aawmalt GORE 2.06 ccs vces 213 72.5 2.8 
Asbestos-felt shielded coal-tar 

errr er Tree re 202 29.3 27.8 


Asbestos-felt reinforced coal-tar 
enamel .. - ee 30.8 39.9 








Asbestos-felt reinforced asphait 


CS ocewatecosens a 20.2 50.5 
Cotton-cloth reinforced asphalt 228 0.4 44. 
Steel-shielded, reinforced 

ae 229 5.2 20.1 
Cotton-cloth reinforced, 

chromated, grease evden eee 0 66 
Surveying the whole proposition the author, unde: 


whose direction the tests were executed, says that th 


failure of protective coatings to prevent all cor- 
rosin and the occurrence of a serious pit occasionally 
beneath many of the better coatings have, in the 
minds of some, over-shadowed the great reduction in 
corrosion that accompanies the proper use of man 


coatings. The function of a protective coating is t 


reduce the annual charges on the pipe line rather 
than to prevent all corrosion. The best coating is, 
therefore, the one that will effect the greatest saving, 
and a coating that prevents all but a few leaks ma 
be a better coating than a more expensive one that 
prevents all corrosion. As the final report states, the 


economics of the problem should be considered. 


In this consideration some thought might be given ¢ 
the application of a rather inexpensive coating at the 
time the line is laid with the expectation of applying 
additional protection if some part of the line should 
prove to be inadequately protected. If the original 
coating has good insulating properties and maintains 
them, the line may be further protected at critical 
places by the installation of cathodic protection units. 
Cathodic protection has a reasonably long and favor- 
At present, data are not available that 
will enable the engineer to estimate accurately the 
division of his protection money between coatings 
and cathodic protection, but there is reason to be- 


able record. 


lieve that a proper combination of the two forms 
of protection will 
by itself. 


be more economical than either 








Lubricant screw to force 


Lubricant receptacle lubricant into valve 











Low - pressure groove 
crossing port but cut off 
from main lubricant supply 
when plug is turned from 
fully open or closed 
posi:ions 


Non-return ball check 


Sealed by the 


against LEAKAGE...ABRASION 
and CORROSION 


The Newman-Milliken Glandless Lubricated Plug Valve employs a parallel 
plug which is never raised from its seat when the valve is operated. The parallel 
seating surfaces are always in close working contact, and the plug rotates freely in 
a film of insoluble plastic lubricant, under pressure. This lubricant forms a seal 
against leakage, prevents grit or scale from entering between seating surfaces and 
protects them against corrosion. Newman-Milliken Valves function perfectly under 
the most difficult conditions and give years of trouble-free service. They are made 
in a variety of patterns and metals suitable for Christmas trees and mud lines up to 
3,000 Ib. working pressure per square inch. 


High-pressure —_ lubricant 
grooves never exposed to 
pipe-line 











Other of Newman - Milliken 


No gland, packing or gaskets ” Visual check on full lubrication 
Port openings equal to full size pipe area . Opened and closed 
by quarter turn of plug 


special features Valves 





SOLE LICE NSEES 
FOR NEWMAN- 
MILLIKEN 


ALSO 


Newman, Hender & Co. Ltd. 





GUN-METAL GATE, STOP and CHECK VALVES for general VALVES, 
eunpene. CAST and FORGED STEEL GATE, STOP and CHECK EXCLUDING 
ALVES for high pressures and temperatures, steam, oil and gas. THE U.S.A. 
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LEVEL 


sound reasons why 


should use 





The Reflex Level Indicator illustrated is of forged 
construction throughout, with stainless steel trim. 


Among its special features are: 


* Rigid box-shaped Forged Steel Gauge Body. 

* Reflex Gauge fitted with one row of tightening 
bolts only. 

~ 


Separate Glasses easily removable. 


* Automatic safety shut-off balls at top and 


bottom. 


Easily detachable stuffing-box heads for removing 
gauge as complete unit. 


Gauge can be turned to face any direction. 


Klinger patent ‘ SLEEVE-PACKED”’ — shut- 
off and drain cocks. 


INDICATORS 








Specialists in all types of LEVEL GAUGES, including 
Double Plate (Thru’-Vision) Type, Steam Heated 
Gauges and the Hubbard Patent Gauge for LIQUEFIED 
GASES (Butane, Propane. etc.). 


Write for Catalogue and full particulars 
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NATURAL GAS 






IF YOU NEED... 























Use of Natural Gas in Oil Refineries—Frank S. Kelly before American Cas 


PRESSURE VESSELS...’ in fact, any class of Association, Dallas meeting, May, 1941. 

TANKS e@ PIPES light or heavy STEEL The point of this paper lines in some figures which are intended to impress upon 

SMOKESTACKS PLATE CONSTRUC- the refiner, particularly the smaller refiner, the value of cracking still gases that 
TION .... for OIL RE- are being used as fuel. As a hypothetical case the analysis is given of a typical 


BLAST FURNACES refinery still gas: 
FINING, CHEMICAL 


PROCESSING, STEEL Hydrocarbon Percentage 
MILLS, ete. ED gt PC ee gh eo oe nica ae didelena seiner es 30 





RS eee er ener ee 22 
PE. ch creieceby Mincea sewer enme nmap ae 15 
Eee Fre ree eT ee 13 
DE ion dusecddtararn cereal esecpeginasss 10 
DE, sdccn Gedkatades evan bestaseensaess 10 

SEE. whic aise owe nae eae vale aaa 100 


This typical still gas has a heating value of 1,878 B.t.u. per cu. ft.; and if used 
as refinery fuel at 10 cents per 1,000,000 B.t.u. it is worth 18.8 cents per 1,000 cu. 
ft. If this still gas were used in a thermal polymerization plant the byproducts 
per 1,000 cu. ft. of still gas would be 6.6 gal. of polymer gasoline and $98 cu. ft, 
of 1,188 B.t.u. fuel gas. The value of the 6.6 gal. of polymer gasoline at the present 
market price of 544 cents per gallon would be 34.6 cents, and the value of the 898 
cu. ft. of fuel gas at 10 cents per 1,000,000 B.t.u. would be 10.7 cents per 1,000 cu. 
ft., or a total value for both products of 45.3 cents. This compares with the 18.8 
cents per 1,000 cu. ft. fuel value of the original still gas, or a net difference of 26.5 
cents per 1,000 cu. ft. In other words, for every 1,000 cub. ft. of still gas burned 


“FLUID FUSION" WELDED VESSELS are made exclusively by: 





PLATE & WELDING DIVISION as fuel, without processing through a poly plant, the refinery lost 26.5 cents of 

tential ss rev , 

GENERAL AMERICAN TRANSPORTATION CORP. a 
Successor to Plate G Welding Div., On this basis a value is figured for the approximately 158,000,000,000 cu. ft. of still 


Petroleum Iron Works Co., (P.1.W.) . : fi . . P ™ ‘alt . 
gases consumed by refineries in the Mid-Continent, Gulf Coast and California areas. 


Plant at Sharon, Pa. @ Offices in all principal cities With due allowance for gases already processed through a poly plant this repre- 
sents potential charging stock for 119,000,000,000 cu. ft. for a poly plant; this stock 
would produce a potential gross revenue of $31,500,000, which is the difference 
between the value of the still gas as charging stock for a poly plant versus its value 







as a fuel gas. 









TANKER DESIGN 


INCE 1908 it has been universally accepted that the name of Isherwood is the hall mark of tanker design and 
is synonymous with efficiency and increased strength. 






> ONTINUOUS research has enabled Isherwood Naval Architects to maintain this superiority and the confidence 
of shipowners in present day Isherwood design is demonstrated by the fact that vessels representing a dead- 
weight carrying capacity of over 1,000,000 tons are now under construction throughout the world. 







VERY Isherwood ship is an outstanding vessel, built to carry the largest profit-earning cargo per ton of steel 
with the highest margin of safety, so let your next oil carrier be built to Isherwood Design and Specifications. 


























4 Llovo’s Avenue 17 Battery Place 
casee’  §IR JOSEPH ISHERWOOD & CO.,LTD. hs 





ISH ERWOO 





WORLD PETROLEUM 








